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Illinois Agricultural Pesticides Conference '90
The Illinois Agricultural Pesticides 
Conference is an educational program 
sponsored by the following organizations:
Cooperative Extension Service 
College of Agriculture 
University of Illinois
Illinois Natural History Survey 
Illinois Department of Agriculture 
Illinois Agricultural Aviation Association 
Illinois Fertilizer and Chemical Association
The planning committee for the Illinois 
Agricultural Pesticides Conference '90 
consists of the following people:
Kevin Steffey, Chairman, and Phil Nixon
Extension Entomology, University of 
Illinois and Illinois Natural History Survey
Bill Anderson
Illinois Department of Agriculture 
Loren Bode
Agricultural Engineering, University of 
Illinois
Tom Stoutenborough
Coles County Agricultural Extension 
Adviser, Cooperative Extension Service, 
University of Illinois
A.G. Taylor
Illinois Environmental Protection Agency 
Bill Taylor
Illinois Agricultural Aviation Association 
Steve Willey
Illinois Fertilizer and Chemical Association
Program - Wednesday, January 3
Illinois Agricultural Aviation Association
Room 261, Illini Union 
9:00 a.m. - 12:00 m.
Industry Session
Illini Rooms A and B, Illini Union
1:00 p.m. Welcome, W.R. Gomes
Harold Hunzicker
Marion County Agricultural Extension 
Adviser, Cooperative Extension Service, 
University of Illinois
Walker Kirby
Extension Plant Pathology, University of 
Illinois
Ellery Knake
Extension Weed Science, University of 
Illinois
Jim Morrison
Lee County Agricultural Extension Adviser, 
Cooperative Extension Service, University 
of Illinois
Ron Olson
Illinois Fertilizer and Chemical Association
Agrichemical Facility Containment
Bill Anderson Presiding
1:15 Explanation of the New Agrichemical 
Facility Containment Regulations, 
W.Goetsch
1:35 Developing Agrichemical Facilities To 
Meet the New Containment 
Regulations: Modification of an 
Existing Facility, D. Stiltz; Building a 
New Facility, N. Brandt
2:15 Illinois EPA's Role in Implementing 
the New Containment Regulations, 
A.G. Taylor
2:30 Question and Answer Session
3:00 Break
IX
New Developments from Industry
Larrv Weller Presiding
■ ' f
3:15 ICI Americas, R. Wolfe
3:25 Monsanto, D. Schroeder
3:33 Sandoz Crop Protection, L. Bozeman
3:38 BASF, B. Freed
3:48 Ciba-Geigy, L. Zang
3:53 DuPont, M. Reinhart
4:03 Dow, R. Dorich
4:11 Elanco, R. Mann
4:19 Wilbur Ellis, R. Bockensteadt
4:29 Rhone-Poulenc, B. Striegel
4:37 American Cyanamid, B. Gentsch
4:45 FMC, S. Barry
4:55 Gustafson, R. Knake
5:05 Mobay, R. Myers
5:10 Valent, H. Shepherd
5:20 Tyler Limited Partnership, G. Strand
5:25 Adjourn to Mixer
Mixer
Illini Room C, Illini Union 
5:30 p.m. to 7:00 p.m.
This mixer is sponsored by the Illinois 
Fertilizer and Chemical Association and is 
intended for you to meet the speakers, 
sponsors, and committee members in an 
informal atmosphere. If you have any 
questions for the speakers who made 
presentations today or if you just want to 
visit with friends, please stop by.
Pesticide Applicator Training for Field Crop 
and Demonstration and Research Pest 
Control Categories
Room 314, Illini Union 
7:00 p.m. Wednesday Evening
Concurrent training sessions for the field 
crop and research and demonstration pest 
control categories will be offered. 
Comprehensive training will include safe 
handling of pesticides, pesticide poisoning, 
pest identification, calibration, pesticide 
issues, and laws and regulations.
A person desiring to become certified as an 
applicator must first take and pass the 
General Standards examination before 
taking any of the applicator category 
examinations. However, there will be no 
training for the General Standards 
examination. Manuals and handout 
material will be available.
Program - Thursday, January 4
General Session 
Illini Rooms A, B, and C
Tom Stoutenborough Presiding
8:00 a.m. The Status of Deer Tick and 
Lyme Disease in Illinois, J. 
Bouseman
8:15 Impregnation of Herbicides on
Fertilizer, B. Hook
8:30 Application of Herbicides on-
the-go with Granular Fertilizer, 
P. Puntoni
8:45 Weed Control Highlights in 1989,
G. Kapusta
9:05 The Use of Predictive Systems
for Fungicide Applications to 
Control Sclerotinia Disease of 
Alfalfa, L. Rhodes
x
9:20 The Roots of Public Concern, G. Identified by User Groups in the
Meyer Midwest, R. Edwards
9:40 Break 1:50 The Emerging Issue of 
Sustainable Agriculture:
KEYNOTE SESSION: PREPARING FOR THE 
1990s, THE "ENVIRONMENTAL DECADE"
Implications for IPM, J. Ikerd
2:10 Alternatives in Insect
Don Uchtmann Presiding Management: Identifying
Options That Work, R. Weinzierl
10:00 National Perspective, N. 
Schaller, Program Director, 2:30 Disease Forecasting: An
LISA Research and Education Overview of Current
Program, USDA Developments, D. Eastbum
10:25 Illinois Farm Bureau 2:45 Com Rootworm Soil
Perspective, J. Scholl, Director Insecticides: Are the Current
of Political Development, Application Rates Necessary?,
Illinois Farm Bureau M. Gray
10:50 Pesticide Manufacturers' 3:05 Break
Perspective, W. Raven, Vice 
President of Sales, Sandoz Crop 
Protection Corp. Harold Hunzicker Presiding
11:15 Illinois Dealers' Perspective, D. 3:20 Conservation Tillage and Plant
Stiltz, Clayton Point Fertilizer, Diseases, W. Kirby
Inc.
3:35 Weed Control Systems for LO-
11:35 University of Illinois' 
Perspective, D. Kuhlman,
TILL, E. Knake
Program Leader for 3:50 Pesticides: Lawsuits and Risk
Environmental Issues, College of 
Agriculture, University of
Management, M. Olexa
Illinois 4:10 An Assessment of Insecticide 
Rotations for Long-Term
12:00 Lunch Management of Com Rootworm 
Feeding Damage, A. Felsot
Program - Thursday, January 4 4:30 Effect of Application Methods, 
Combinations, and Tillage on
General Session (cont'd.) Herbicide Persistence, B. Curran
Ron Olson Presiding 4:50 Effect of Rate, pH, and Tillage on
Chlorimuron Persistence, D.
1:00 p.m. Future Challenges in Weed Baird
Control, L. Wax
5:05 Weed Control: Look Back and
1:15 Soil Characteristics and Water 
Quality, B. Simmons
Look Ahead, M. McGlamery
5:20 Adjourn
1:30 A Survey of Soybean Pest 
Management Research Needs As
x i
Program - Friday, January 5
General Session 
mini Rooms A, B, and C
Bin Taylor Presiding
8:00 Maximizing the Benefits of
Herbicides, D. Pike
8:15 Pesticide Transport Spills:
Prompt Response Needed, E. 
Ackerman
8:30 Postemergence Herbicides for
Grass Weeds in Com, M. Ross
8:50 Pesticide Interactions and
Safeners, M. Barrett
9:10 Effect of Volume, Pressure, and
Nozzle Type on Coverage and 
Weed Control from 
Postemergence Herbicides, B. 
Wolf
9:25 Potential of Starch Encapsulated
Semiochemical/Insecticide 
Formulations for Com 
Rootworm Control, L. Meinke
9:45 Seed Treatments on Small
Grains, W. Pedersen
10:00 Controlling Wild Garlic, N.
Troxclair
10:15 Break
Jim Morrison Presiding
10:30 Insects That Feed on Soybean
Pods: What's the Bottom Line? 
R  Edwards
10:45 Soybean Cyst Nematodes and
Sudden Death Syndrome in 
Illinois: Where Do We Go From 
Here? D. Edwards
11:05 Manipulation of Predator
Populations by Chemicals in 
IPM Programs, C. Reid
11:20 The Fundamentals of Adjuvant 
Technology, P. Zomer
11:40 Improving Postemergence
Herbicide Performance with 
Adjuvants, R. Liebl
11:55 Crop Growth Problems: The
Look Alikes, B. Hoeft
12:10 Alfalfa Insect Management for
1990: New Thresholds and 
Guidelines, K. Steffey
12:30 Adjourn
Pesticide Applicator Examinations
Room 314, Illini Union
1:15 - 4:30 p.m. Friday Afternoon
Written examinations for all commercial 
pesticide applicator pest control categories 
will be offered. General Standards 
examinations will also be available. A 
person may take as many examinations as 
he or she can complete during the allotted 
time. A passing score of 70 percent is 
required on both the General Standards and 
category examinations in order to become a 
certified applicator.
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Program Participants
Ackerman, Brie. Environmental Protection 
Engineer, Illinois Environmental 
Protection Agency - Region 3,
Division of Water Pollution Control, 
Peoria, IL
Anderson, William. Chief, Bureau of Plant 
and Apiary Protection, Illinois 
Department of Agriculture, 
Springfield, IL
Baird, Dale. LaSalle County Extension
Adviser, Agriculture, University of 
Illinois, Ottawa, IL
Barrett, Mike. Associate Professor of Weed 
Science, Department of Agronomy, 
University of Kentucky, Lexington, 
KY
Barry, Steve. Technical Services 
Representative, FMC Corp., 
Indianapolis, IN
Bockensteadt, Ron. Sales Representative,
Brayton Chemicals Division, Wilbur- 
Ellis Co., Macomb, IL
Bouseman, John. Associate Professional 
Scientist, Center for Economic 
Entomology Illinois Natural History 
Survey, Champaign, IL
Bozeman, Luke. Field Representative,
Product Development, Sandoz Crop 
Protection Corp., Champaign, IL
Brandt, Neil. Manager, Boone County FS, 
Belvidere, IL
Curran, Bill. Assistant Agronomist in
Integrated Pest Management, Weed 
Science, University of Illinois, 
Urbana, IL
Dorich, Rod. Technical Service and
Development, Industrial Herbicides, 
Agricultural Products Department, 
Dow Chemical Co., Indianapolis, IN
Eastbum, Darin. Extension Specialist and 
Assistant Professor of Plant 
Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Edwards, Dale. Extension Specialist and 
Associate Professor of Nematology, 
Department of Plant Pathology, 
University of Illinois, Urbana, IL
Edwards, Rich. Professor of Entomology,
Purdue University, West Lafayette, IN
Felsot, Allan. Associate Professional 
Scientist, Center for Economic 
Entomology, Illinois Natural History 
Survey, and Assistant Professor of 
Agricultural Entomology, University 
of Illinois, Champaign, IL
Freed, Brian. Market Development 
Technical Representative,
Agricultural Chemicals Group, BASF 
Corp., Riverton, IL 
Gentsch, Bryan. Technical Service
Representative, American Cyanamid 
Co., Crystal Lake, IL 
Goetsch, Warren. Chief, Bureau of
Laboratories, Illinois Department of 
Agriculture, Springfield, IL 
Gomes, W. "Reg." Dean, College of
Agriculture, University of Illinois, 
Urbana, IL
Gray, Mike. Extension Specialist and 
Assistant Professor, Office of 
Agricultural Entomology, University 
of Illinois, and Illinois Natural 
History Survey, Champaign, IL 
Hoeft, Bob. Extension Specialist and 
Professor of Soil Fertility, 
Department of Agronomy,
University of Illinois, Urbana, IL 
Hook, Barbara. Market Development 
Representative, Agricultural 
Products, ICI Americas, Inc., Fisher, 
IL
Hunzicker, Harold. Marion County
Extension Adviser, Agriculture, 
University of Illinois, Salem, IL 
Ikerd, John. Visiting Professor from
University of Georgia, Project Leader 
for LISA Farm Decision Support 
System, University of Missouri, 
Columbia, MO
Kapusta, George. Professor of Plant and
Soil Science, Weed Science, Southern 
Illinois University, Carbondale, IL 
Kirby, H. Walker. Extension Specialist and 
Associate Professor of Plant 
Pathology, Department of Plant 
Pathology, University of Illinois, 
Urbana, IL
Knake, Ellery. Extension Specialist and 
Professor of Weed Science, 
Department of Agronomy, University 
of Illinois, Urbana, IL 
Knake, Ray. Northern Regional Manager, 
Research and Development, 
Gustafson, Inc., Des Moines, IA 
Kuhlman, Don. Program Leader for
Environmental Issues, College of 
Agriculture, University of Illinois, 
Urbana, IL
Liebl, Rex. Assistant Professor of Weed
Science, Department of Agronomy, 
University of Illinois, Urbana, IL 
McGlamery, Marshal. Extension Specialist 
and Professor of Weed Science,
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Department of Agronomy, University 
of Illinois, Urbana, IL 
Mann, Richard, Plant Science
Representative, Plant Science Field 
Research and Manager of Research 
Farm, Elanco, Mansfield, IL 
Meinke, Lance. Assistant Professor of 
Entomology, Department of 
Entomology, University of Nebraska, 
Lincoln, NE
Meyer, Gil. Senior Public Affairs Specialist, 
E.I. DuPont de Nemours & Co., 
Wilmington, DE
Morrison, Jim. Lee County Extension
Adviser, Agriculture, University of 
Illinois, Amboy, IL 
Myers, Randy. Field Development 
Representative, Agricultural 
Chemicals Division, Mobay Corp., 
Urbana, IL
Olexa, Mike. Project Director, Pesticide Use 
and Impact Assessment/Agricultural 
Law Extension Program, Food & 
Resource Economics Department, 
University of Florida, Gainesville,
FL
Olson, Ron. Member, Board of Directors, 
Illinois Fertilizer and Chemical 
Association; Top Soil Testing, 
Frankfort, IL
Pedersen, Wayne. Associate Professor of 
Plant Pathology, Department of 
Plant Pathology, University of 
Illinois, Urbana, IL
Pike, David. Agronomist, Weed Science,
Department of Agronomy, University 
of Illinois, Urbana, IL 
Puntoni, Pat. Operations Manager, Jenner 
Sales Corp., Harristown, IL 
Raven, William. Vice President of Sales, 
Sandoz Crop Protection Corp., Des 
Plaines, IL
Reid, Craig. Teaching Associate,
Department of Entomology, 
University of Illinois, Urbana, IL 
Reinhart, Matt. Development
Representative, E.I. DuPont de 
Nemours & Co. (Inc.),
Bloomington, IL
Rhodes, Landon. Associate Professor of 
Plant Pathology, Department of 
Plant Pathology, Ohio State 
University, Columbus, OH 
Ross, Merrill. Professor of Weed Science, 
Department of Botany and Plant 
Pathology, Purdue University, West 
Lafayette, IN
Schaller, Neill. Program Director, LISA 
Research and Education Program,
U.S. Department of Agriculture, 
Washington, D.C.
Scholl, Jon. Director of Political
Development, Illinois Farm Bureau, 
Governmental Affairs Division, 
Bloomington, IL
Schroeder, Dan. Product Development
Associate, Monsanto Co., Decatur, IL 
Shepherd, Howard. Technical Service
Specialist, Valent USA Corp., Ames, 
IA
Simmons, Bill. Assistant Professor of Soil 
and Water Management, Department 
of Agronomy, University of Illinois, 
Urbana, IL
Steffey, Kevin. Extension Specialist and 
Associate Professor, Office of 
Agricultural Entomology, University 
of Illinois, and Illinois Natural 
History Survey, Champaign, IL 
Stiltz, Dick. Owner, Clayton Point 
Fertilizer, Inc., Franklin, IL 
Stoutenborough, Tom. Coles County 
Extension Adviser, Agriculture, 
University of Illinois, Charleston, IL 
Strand, Glen. Product Manager, Tyler
Limited Partnership, Benson, MN 
Striegel, Bill. Field Research and
Development Representative, Rhone- 
Poulenc Ag Co., Morton, IL 
Taylor, A.G. Agriculture Adviser, Illinois 
Environmental Protection Agency, 
Springfield, IL
Taylor, Bill. President, Illinois
Agricultural Aviation Association; 
Farm Air, Inc., Fairfield, IL 
Troxclair, Noel. Area Extension Adviser, 
Integrated Pest Management, 
University of Illinois, Benton, IL 
Uchtmann, Don. Acting Director, Illinois 
Cooperative Extension Service, 
College of Agriculture, University of 
Illinois, Urbana, IL
Wax, Loyd. Agronomist, U.S. Department of 
Agriculture, and Professor of Weed 
Science, Department of Agronomy, 
University of Illinois, Urbana, IL 
Weinzierl, Rick. Extension Specialist and 
Assistant Professor, Office of 
Agricultural Entomology, University 
of Illinois, and Illinois Natural 
History Survey, Champaign, IL 
Weller, Larry. Product Supervisor, 
Herbicides, Growmark, Inc., 
Bloomington, IL
Wolf, Bob. Extension Specialist in Pesticide 
Applicator Training, Department of 
Agricultural Engineering, University 
of Illinois, Urbana, IL
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Wolfe, Ron. Market Development 
Representative, Agricultural 
Products, ICI Americas, Inc., 
Monticello, IL
Zang, Larry. Senior Biological
Experimentalist, Ciba-Geigy Corp., 
Research Station, Dewey, IL 
Zorner, Paul. Director, Bio-herbicide
Research, Mycogen Corp., San Diego, 
CA
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Pesticide Training and Certification Clinics - 1990
Commercial Pesticide Training and Certification Clinics will be offered throughout the state. As has been the case 
for the last few years, most of them will be two-day clinics with general standards training and testing on the 
first day. Only general standards tests may be taken on the first day; there will be a testing session on the second 
day in which any category test and the general standards test may be taken. Through most of the state and for all 
of the Field Crops Clinics, general standards training will be followed by category training from 2:00 to 5:00 p.m. 
on the first day with category training continuing from 8:00 a.m. until noon the second day.
These clinics will include information on the Endangered Species Act, Right-to-Know Law, new rules concerning 
pesticide containment systems, and the groundwater contamination problem. Included in the presentations on 
insects, weeds, diseases, and equipment will be additional updated information to help keep you on the "cutting 
edge" of new developments in these fields.
TRAINING INSTRUCTIONS:
The Cooperative Extension Service of the University of Illinois writes the study guides and teaches the 
training sessions.
Pesticide training clinic questions should be sent to Phil Nixon, University of Illinois, 172 Natural Resources 
Building, 607 E. Peabody Drive, Champaign, IL 61820, Telephone: (217) 333-6650. In northeastern Illinois, 
call the county Cooperative Extension Service office for the county in which the clinic is being held.
Study guides can be purchased from county Cooperative Extension Service offices and from the University of 
Illinois office listed above. They will also be available at each clinic.
TESTING INSTRUCTIONS:
The State of Illinois Department of Agriculture administers both the general standards and category 
examinations. Illinois law requires a person who applies a pesticide for hire outside of a structure to be licensed 
by the Illinois Department of Agriculture.
Testing, certification, and licensing questions should be sent to Bill Anderson, Illinois Dept, of Agriculture, State 
Fairgrounds, P.O. Box 19281, Springfield, IL 62794-9281, Telephone: (217) 785-2427. In northeastern Illinois, 
Stan Smith can be contacted at (708)990-8256.
For testing sessions, please bring your most current license or all past test results. You must pass the 
General Standards Certification examination before you will be allowed to take a category examination. Tests 
will be graded and results made available immediately after testing.
Testing sessions immediately following General Standards training will include General Standards testing only 
except on March 21, April 18, 19, May 1, and June 5. On those dates, as well as during testing sessions 
following category training, all tests, including general standards, will be available.
TESTING ONLY SESSIONS - ALL TESTS AVAILABLE
April 11, 30, May 9, 23, and June 13 from 8:30 a.m. until noon at the Illinois Department of Agriculture 
Auditorium, State Fairgrounds, Springfield, Illinois.
April 3 from 8:30 a.m. until noon at the DuQuoin State Fairgrounds, DuQuoin, Illinois.
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1989-1990 PESTICIDE TRAINING AND CERTIFICATION CLINICS
$10.00 per clinic registration fee payable at the door of each clinic. One fee covers both days of 2-day clinics. 
Registration begins at 7:30 a.m. Space available on first come-flrst served basis, seating may be limited.
1st Day 2nd Day
8:00 a.m.-2:00 p.m. General Standards Training 8:00 a.m.-Noon Categoiy Training Continues
2:00 p.m. General Standards Testing Only 1:00 p.m. Testing (All Categories & General Standards)
2:00-5:00 p.m. Category Training Begins
Rights-of-way category training will be during the morning of the 2nd day only.
Ornamentals training will usually be during the afternoon of the 1st day, turf training during morning of 2nd
day.
DATE CITY CATEGORIES LOCATION
Dec 14-15 Galesburg G.S., Field Crops Winfield Inn, 2 mi. W of 1-74 on U.S. 34.
Jan 3, 5 Urbana Field Crops,
Demonstration & Research
Illini Union Rm. 314, U of I Campus 
Tmg. Jan 3, 7 p.m.; Testing Jan 5, 1:15 p.m.
Jan 8-9 Rockford G.S., Turf, Orn, ROW Clock Tower Hotel, 1-90 & Bus. 20.
Jan 10-11 Springfield G.S., Turf, Orn, ROW Regional Extension Office, State Fairgrounds.
Jan 18 Springfield G.S., Vegetable 111. Fruit & Veg. Sch., Prairie Capital Conv. Cen. 
Trng. G.S. 8 a.m., Veg. 11 a.m.. Test. 2:30 p.m.
Jan 25-26 DeKalb G.S., Field Crops DeKalb Co. Extension Office, 315 N. 6th. St.
Feb 13-14 Mt. Vernon G.S., Field Crops Holiday Inn, 1-57 & 1-64 (1st Day) 
Ramada Inn, 1-57 & 1-64 (2nd Day)
Feb 13-14 Mt. Vernon G.S., Turf, Orn, ROW Ramada Inn, 1-57 & 1-64
Feb 15-16 Jacksonville G.S., Field Crops Black Hawk Restaurant, Rt. 104
Feb 20-21 Champaign G.S., Turf, Orn, Field Crops Chancellor Inn, Rt. 45 & Kirby Ave.
Feb 26-27 Fairview Hts. G.S., Turf, Orn, ROW Ramada Inn, 1-64 & Rt. 159
Feb 28-Mar 1 Moline G.S., Turf, Orn Holiday Inn. Airport Exit at 1-74 & 1-280
Mar 21 Springfield G.S. 111. Dept, of Agriculture, State Fairgrounds 
Training 10 a.m.. Testing 1 p.m.
Apr 18 Mt. Vernon G.S., Mosquito Ramada Inn, 1-57 & 1-64. G.S. Trng. 8 a.m. 
Mosquito Tmg. 11 a.m.. Testing 2 p.m.
Apr 19 Peoria G.S. Holiday Inn, 1-74 & Exit 89 on Rt. 150 
Training 8 a.m., Testing 2 p.m.
Apr 24 Kankakee G.S., Mosquito, ROW Kankakee Comm. College, OffRt. 45 on River 
Rd. G.S. Trng. 8 a.m., G.S. Testing 10:30 a.m. 
Mosquito, ROW Tmg. 1 p.m., Testing 2:15 p.m.
May 1 Belleville G.S., Mosquito Farm Bureau, 407 E. Lincoln. G.S. Tmg. 8 a.m. 
G.S. Test 10:30 a.m., Mosquito Trng. 1 p.m., 
Category Testing 2:15 p.m.
G.S. = General Standards; Om = Ornamentals; ROW = Rights-of-Way.
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1990 NORTHEASTERN ILLINOIS PESTICIDE CLINICS
$10.00 per day PREPAID registration fee required at all locations. No refunds and no transfers between clinics. 
Registration is through the Northern Illinois Horticulture Association, P.O. Box 8455, Rolling Meadows, IL 60008 
except for the March 6 clinic. Due to limited seating at most locations, registration must be received by the Friday 
before the desired clinic date. Confirmation will not be sent; your check will be returned if the clinic is full.
For 2-day clinics, General Standards training and testing will be on the 1st day. Turf and Ornamentals training 
and testing in all categories will be on the 2nd day. Each clinic begins at 8:00 a.m., testing starts at 1:00 p.m.
DATE CITY CATEGORIES LOCATION
Feb 21 Joliet G.S. Holiday Inn, Larken Ave. & 1-80
Feb 27 Mundelein G.S. Holiday Inn, Rt. 45
Mar 6 Crystal Lake G.S. Hob Nob II Restaurant, Rt. 14 & 31. 
Call (815) 338-3737 to Pre-register.
Mar 13-14 Willowbrook G.S., Turf. Ora. Holiday Inn. Rt. 83 & 1-55
Mar 20-21 Glencoe G.S., Turf. Ora. Chicago Botanic Garden, Lake-Cook Rd. E of 1-94
Mar 27-28 Alsip G.S., Turf. Orn. Condesa del Mar, 12220 S Cicero, 1/2 mi N of Holiday Inn
Apr 3-4 Wheaton G.S., Turf. Om. DuPage County Fairgrounds, Manchester Rd.
Apr 10-11 Glencoe G.S., Turf, Om. Chicago Botanic Garden, Lake-Cook Rd. E of 1-94
Apr 24-25 Alsip G.S., Turf. Om. Condesa del Mar, 12220 S Cicero, 1/2 mi N of Holiday Inn
May 1 Wheaton G.S. DuPage County Fairgrounds, Manchester Rd.
Jun 5 Wheaton G.S. DuPage County Fairgrounds, Manchester Rd.
G.S. = General Standards; Om = Ornamentals.
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1990 GRAIN FACILITY & PRIVATE APPLICATOR-FUMIGATION CLINICS
Grain Facility Clinics require pre-registration through the Grain and Feed Association of Illinois, contact 
Jeff Adkisson at (217) 787-2417.
Private Applicators-Fumigation should attend the same clinic, but for the afternoon only. Contact Rick 
Weinzierl at (217) 333-6651 to pre-register. Pre-registration for private applicators is requested, but not 
required.
Grain Facility Clinic Schedule
8:30-10:00 a.m. General Standards Training 12:30-4:30 p.m. Grain Facility Category and
10:00 a.m. General Standards Testing Private Applicator-Fumigation Training
4:30 p.m. Testing - All Categories
You must already have a Private Applicators License to take the Private Applicator-Fumigation Test.
DATE CITY CATEGORIES LOCATION
Mar 5 Mendota G.S., Grain, Fumigation Civic Center, Off of Rt. 51.
Mar 6 Normal G.S., Grain, Fumigation Sheraton Hotel, 1-55 & Rt. 51
Mar 7 Centralia G.S., Grain, Fumigation Kaskaslda Comm. College, W off of Rt. 161
Mar 8 Springfield G.S., Grain, Fumigation 111. Dept, of Agriculture, State Fairgrounds
G.S. = General Standards; Grain = Grain Facility; Fumigation = Private Applicator-Fumigation.
PESTICIDE APPLICATOR STUDY MATERIALS
General Standards Manual $2.50 Grain Fumigation-Private $6.00
Aerial Applicator Manual $3.50 Livestock Pest Control $3.00
Aquatic Weed Control $5.00 Mosquito Pest Control $5.00
Dealer Pest Control $3.50 Ornamentals Manual $5.00
Demonstration & Research $2.50 Plant Management $2.00
Field Crops Manual $7.00 Rights-of-Way Manual $5.00
Forest Pest Control $5.00 Seed Treatment Manual $2.00
Fruit Crops Pest Control $4.00 Soil Fumigation $2.50
Grain Facility Pest Control $6.00 Turfgrass Manual 
Vegetable Pest Control
$6.00
$4.00
Grain Facility Pest Control study materials and Grain Fumigation-Private study materials are identical.
The above manuals and study materials can be ordered from:
Office of Ag. Entomology 
172 Natural Resources Bldg.
607 E. Peabody Drive 
Champaign, IL 61820
Make checks payable to the University of Illinois. All prices subject to change without notice.
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Workshops Offered in 1990
SIXTEENTH ANNUAL ILLINOIS CROP PROTECTION WORKSHOP
Extension specialists and research personnel with the University of Illinois, College of 
Agriculture, and the Illinois Natural History Survey are offering a Crop Protection Workshop 
from March 13 to 15, 1990 at the Chancellor Hotel and Convention Center, Champaign, 
Illinois. Advance registration will be required.
The objectives of the workshop are to give in-depth training in diagnosing pest problems, 
troubleshooting in the field, and identifying insect, weed, and disease pests, as well as life 
cycles, thresholds, plant nutrient deficiencies, and other factors that affect crop production 
decisions.
Specialists in entomology, weed science, agronomy, plant pathology, and agricultural 
engineering from the University of Illinois and the Illinois Natural History Survey will 
conduct training sessions on the above topics. Out-of-state speakers will also give 
presentations on subjects of particular interest. About eighteen hours will be spent in group 
sessions.
The registration fee for the workshop is $65 and will include the cost of the workshop and two 
lunches, but will not cover lodging. Further information about the workshop can be obtained 
at the registration desk at the Illinois Agricultural Pesticides Conference or from Michael 
Gray, 172 Natural Resources Building, 607 East Peabody Drive, Champaign, Illinois 61820; 
(217)333-6651.
FIELD CROP PEST MANAGEMENT SHORT COURSE
A pest management scout training short course will be offered in 1990. This course is being 
offered to accommodate those persons who will monitor field crops for pest problems. The 
courses will be taught by Extension specialists in weed science, agronomy, entomology, and 
plant pathology from the University of Illinois and the Illinois Natural History Survey. The 
scout training school will be offered from March 19 to 21, 1990.
Further information about the workshop can be obtained at the registration desk at the 
Illinois Agricultural Pesticides Conference or from Michael Gray, (217)333-6651 or Bill Curran 
(217)333-4424.
WHICH WORKSHOP IS FOR YOU?
Each year a number of people inquire about the difference between the crop protection 
workshop and the pest management short course.
The Crop Protection Workshop is intended for those individuals who are concerned with 
current research that affects pest management. Topics presented represent subject matter that 
will provide the basis for future pest management decisions. Farmers, agribusiness people, and 
Extension advisers represent the largest portion of the 300 people in attendance.
The Field Crop Pest Management Short Course is intended for those who wish to learn the 
what, how, where, and when of field crop scouting. The lab sessions are approximately four 
hours each and cover the identification of weeds, insects, and plant diseases and the procedures 
needed to scout accurately and report the findings. Farmers and field scouts employed by 
private consultants comprise the largest segment of the audience.
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If you are still unsure about which workshop to attend, contact Michael Gray, Illinois Natural 
History Survey, 172 Natural Resources Building, 607 East Peabody Drive, Champaign, Illinois 
61820; (217)333-6651.
Newsletters from the University of Illinois 
College of Agriculture
FARM ECONOMICS FACTS AND OPINIONS--Economic principles applied to farm problems 
such as marketing strategies, crop and livestock product decisions, government and 
institutional policies. Eighteen issues per year.
WEEKLY OUTLOOK--Anticipates reports and interprets current market information--supply, 
demand, and price outlook—for agricultural products. Issued weekly except for last two weeks 
of December.
LIVESTOCK PRICE OUTLOOK—Forecasts of prices and production for hogs (four issues) and 
cattle (two issues) following inventory reports. Includes inventory data, forecasting methods, 
and discussions of pricing strategies. Six issues per year.
GRAIN PRICE OUTLOOK—Four issues each on com and soybeans. An in-depth analysis of 
supply, demand, and price outlook for com and soybeans. Also includes a discussion of 
storage and pricing strategies for producers. Eight issues per year.
ILLINOIS DAIRY DIGEST—Provides the latest dairy research information available from the U 
of I and other sources; practical, timely tips to help producers make management decisions; 
announcements of educational events. Four issues per year.
ILLINOIS POULTRY SUGGESTIONS--Latest information on management, marketing, business 
and regulatory developments in the poultry industry. For hatchery operators, commercial 
poultry producers, small flock owners, and poultry service personnel. Six issues per year.
ILLINOIS FOREST MANAGEMENT NEWSLETTER—Features helpful management information 
and timely tips for woodland owners on silviculture, tree planting, wildlife management, forest 
investments and taxes, marketing, harvesting and utilization, forest insect and disease 
problems, residential tree care, and care of wood products around the home. Two issues per 
year.
ILLINOIS VEGETABLE FARMER'S NEWSLETTER--Provides production, harvest and handling, 
and marketing advice for commercial producers in the Midwest. News and updates from 
university and Extension staff are highlighted. Four issues per year.
PEST MANAGEMENT AND CROP DEVELOPMENT BULLETIN (formerly Insect, Weed and Plant 
Disease Survey Bulletin)--Weekly reports on the current agricultural insect, weed, and plant 
disease situation with advice on control methods. Also covers new developments in pesticide 
application techniques. Issued weekly April-August, and an additional five issues from 
September-March.
HOME, YARD, AND GARDEN PEST NEWSLETTER—Insect, weed, and plant disease pests of the 
home and garden. Current controls, application equipment and methods, storage and disposal 
of pesticides, plus other topics. Issued weekly April-July; biweekly in August.
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ORDER BLANK
Number of
Cost of
materials and Amount
Newsletter issues postage enclosed
Farm Economics Facts and Opinions................. ........ 18 $15.00 $
W ppkly O u tlook ................... ......................................... .........50 30.00 $
Livestock Price Outlook............................................. ......6 12.00 $
d ra in  Price O u tlo o k .................................................... ......8 12.00 $
Illinois Dairy Digest................................... .........4 5.00 $ ...
Illinois Pou ltry  S u ggestion s ..................................... .........6 6.00 $
Illinois Forest Management Newsletter............. .........2 6.00 $
Illinois Vegetable Farmer’s Newsletter................ ......... 4 4.00 $
Pest Management and Crop Development .....
R u lle tin ....... .................................................................. ......... 25 20.00 $
Home, Yard, and Garden Pest Newsletter......... ..........20 15.00 $
Total $
To order any of the newsletters listed on the previous pages, fill out the order blank and the 
information below.
Remove both pages from this book and send them with a check payable to the University of 
Illinois to:
University of Illinois Agricultural Newsletter Service 
116 Mumford Hall 
1301 West Gregory Drive 
Urbana, Illinois 61801
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Please print or type:
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Street
City State Zip
County Date
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Horticulture Proceedings
The University of Illinois Department of Horticulture publishes proceedings of the 
statewide fruit and vegetable schools. They may be ordered from the Dixon Springs 
Agricultural Center.
Price
(includes postage)
VEGETABLE PROCEEDINGS
1987IL Vegetable Growers Schools $ 5.00
1988 IL Vegetable Growers Schools 5.00
1989 Midwestern Vegetable Variety Trials 7.50
1989 IL Fruit, Vegetable, Irrigation Convention 15.00
(Available after February 1, 1990)
1990 IL Fruit, Vegetable, Irrigation Convention 15.00
1990 IL Herb Convention 10.00
STRAWBERRY PROCEEDINGS
1988 IL Strawberry School 5.00
1989 IL Strawberry School 7.00
(Available after March 1, 1990)
1990 IL Strawberry and Small Fruit School 11.00
SMALL FRUIT PROCEEDINGS
1987 IL Small Fruit School 5.00
1988 IL Small Fruit School 5.00
1989 IL Small Fruit School 7.00
ASPARAGUS PROCEEDINGS
1987 Asparagus School 5.00
1988 Asparagus School 5.00
1989 Asparagus School 5.00
Make checks payable to the University of Illinois
Mail orders to: Dr. J. W. Courter
University of Illinois
Dixon Springs Agricultural Center
Simpson, IL 62985
x x v
The Status of Deer Tick and Lyme Disease in
Illinois
J. Bouseman
Paper not submitted.
Impregnation of Herbicides on Fertilizer
B. Hook
The practice of impregnating herbicides on dry bulk fertilizer has increased substantially in 
Illinois as well as in other com belt states over the past several years. Dry bulk fertilizer 
impregnation (DBFI) can be described as applying concentrated or slightly diluted herbicide 
directly onto fertilizer granules. DBFI applications reduce trips across the field since fertilizer 
and herbicide can be applied in one step. Commercial applicators are able to handle 
impregnation applications thereby freeing up growers to concentrate on other operations such 
as incorporation and planting. DBFI applications have been shown to provide consistent weed 
control in both conventional and reduced tillage situations.
A multi-location project was conducted by ICI Americas, Inc. field personnel to compare EPTC 
and butylate performance when applied with liquid carriers versus DBFI applications.
Thirteen trials were conducted on com or soybean ground in Illinois, Indiana, Iowa,
Minnesota, and Nebraska. A  randomized complete block design was used consisting of four 
replications. EPTC and butylate were applied at 4.0 lb ai/A with 1.5 lb ai/A atrazine. 
Applications were made directly to standing crop stubble or to previously worked ground. 
Herbicides were applied with liquid carriers or impregnated on dry fertilizer. Following 
application, treatments were incorporated once with a tandem disc or twice with a disc 
followed by a field cultivator. Annual grass control evaluations were taken twice during the 
growing season.
When either liquid or dry fertilizer applications were made to soybean ground, there was no 
difference in the degree of grass control obtained when treatments were applied directly to 
soybean stubble or to previously disced ground. Similarly, on com ground there was no 
difference in the degree of grass control with dry fertilizer applications whether applied to 
chisel plowed ground or directly onto com stubble. However, greater control of grass weeds was 
observed when liquid applications were made to chisel plowed ground versus applications 
made directly onto com stubble. The difference in the degree of grass control between dry 
fertilizer and liquid applications is attributed to DBFI applications allowing the fertilizer 
granules to filter down through the surface residue and reach the soil surface. This process 
allows for more thorough herbicide incorporation into the soil while with liquid applications 
herbicide tied up on crop residue may interfere with uniform herbicide incorporation.
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Application of Herbicides On-the-Go with
Granular Fertilizer
P. Puntoni and G. Strand
For over 10 years agricultural fertilizer dealers have impregnated (sprayed) liquid herbicides 
on dry granular fertilizer during a blending process. The blended, impregnated fertilizer was 
then spread on the field in a custom "weed and feed" program. Several limitations using this 
approach can be identified:
1. Non-uniformity of impregnation;
2. Non-uniformity of application;
3. Drying agents were needed;
4. Handling of herbicide impregnated fertilizer in the plant and transporting it to the 
field;
5. Cleanup of blenders, spreaders and tending equipment;
6. Disposal of residue.
Recent advancements in application equipment have solved the problems previously associated 
with "weed and feed" programs. The introduction of pneumatic application equipment greatly 
reduced problems with high wind affecting spread patterns and ballistic separation. Precision 
metering into each boom outlet gave a high degree of application uniformity even under 
adverse operating conditions.
On-the-go application of liquid herbicide with granular fertilizer eliminates some of the 
concerns of plant impregnation. No clean-up and disposal of residue, from blenders and 
tenders is required and handling of herbicide-impregnated fertilizer in the plant and 
transportation to the field is eliminated.
Precision metering of liquid herbicide into each boom tube improves the uniformity of 
herbicide application on the soil. This is accomplished by using a separate precision metering 
pump for each boom outlet. This solves the problem of plugging augers, distributors, and 
metering mechanisms with wet, sticky impregnated fertilizer. Expensive non-productive 
"drying agents" are not needed when the herbicide is injected into each boom tube. This greatly 
simplifies the clean up of the application equipment because it is easy to switch to fresh water 
and flush the unit in the field. Residue to be disposed of is greatly reduced and can be applied 
in the field.
Dry granular herbicides can also be applied very successfully with pneumatic applicators, and 
systems are being developed that can accurately meter small amounts of granular herbicides.
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Weed Control Highlights in 1989
G. Kapusta
ACCENT and BEACON postemergence continued to look very promising for a wide range of uses 
in 1989. Control of giant foxtail at eight locations in southern Illinois was excellent with both 
herbicides at a wide range of rates. Accent had a somewhat wider 'window of application' than 
Beacon. Annual grass control with Beacon has been less complete in more northern 
evaluations. This may be related to higher organic matter at those locations. In one study at 
Belleville, Accent and Beacon applied preemergence (immediately after planting) afforded 
excellent control of giant foxtail and several broadleaf weeds, clearly indicating that these 
herbicides do have soil residual properties.
Single applications of Accent and Beacon also provided good to excellent control of rhizome 
johnsongrass in com. These herbicides were applied to 7, 14, and 21 inch johnsongrass. 
Applications at 14 inches were the most effective in providing optimum control with minimum 
regrowth. An excellent stand of com is imperative to reduce regrowth. Both herbicides also 
provided excellent control of shattercane in 1988 and 1989.
Accent and Beacon also provide good to excellent control of several annual broadleaf weeds. Of 
special interest is the complete control of burcucumber achieved with both herbicides.
Preplant incorporated applications of Bladex or Extrazine II followed by postemergence 
applications of Accent did not cause any reduction in grass control in 1989. Likewise, there 
was no reduction in grass control observed when AAtrex and Accent were applied sequentially 
or as a tank-mix. Nor was there any antagonism observed when Accent was applied as a tank- 
mix with 2,4-D, Banvel, Buctril, Basagran, or Tough.
A high level of com injury occurred when an organophosphate insecticide was applied in the 
furrow followed by postemergence applications of Accent. Reports from other researchers 
indicate that similar injury is observed when Beacon is used. Com injury from Accent and 
Beacon in studies that did not include a soil insecticide were minimal or none in essentially 
all studies.
HARMONY EXTRA will replace Harmony in 1990 for wild garlic control in wheat. Extensive 
studies in 1987 and 1988 indicate that wild garlic control will be equal, with some 
improvement in the control of several broadleaf weeds.
PINNACLE (same active ingredient as Harmony) provided a high level of control of common 
lambsquarters in 1989. This weed probably is the most difficult one to control with 
postemergence herbicides. It is likely that Pinnacle will be marketed as a premix with Classic. 
FMC-F6285 was the most promising experimental herbicide that was evaluated for the first 
time in 1989. It is a preplant incorporated or preemergence herbicide for soybeans and at three 
locations caused no injury to the soybeans.
FMC-F6285 provided essentially complete control of giant foxtail, yellow nutsedge, common 
lambsquarters, redroot pigweed, jimsonweed, velvetleaf, and ivyleaf and tall momingglory. 
Control of cocklebur was fair but common ragweed control was poor.
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The Use of Predictive Systems for Fungicide 
Applications to Control Sclerotinia Disease of
Alfalfa
L. Rhodes
Paper not submitted.
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The Roots of Public Concern
G. Meyer, Jr.
For more than 25 years, public concerns about the safety of pesticides has been increasing; 
however, this trend has gained momentum in the past decade. In the spring of 1989, the 
concerns reached new levels of intensity with the "Alar" scare that generated extensive 
publicity and resulted in numerous withdrawals of apple products from store shelves and 
school cafeterias.
In the wake of this most recent surge of concern, people throughout the food supply chain and 
those in related areas have been asked questions about the safety of pesticides and the safety of 
foods that have been grown or otherwise protected with the use of pesticides. Responses to 
these questions are not easily crafted, not because the answers are unknown, but for reasons 
that often are hard to articulate.
By nature, the issue concerning pesticide residues is emotionally charged because it is 
associated with food contamination. The situation is then compounded by the fact that 
scientists’ ability to measure chemicals present in food has exceeded their ability to assess the 
associated risks and to present that information in a credible fashion. Nonetheless, 
professionals who know the safety factors associated with pesticide labeling and who are 
convinced that the benefits far outweigh the risks often feel inadequate in responding to public 
concerns.
To begin to develop responses that address public concerns in an effective and fair manner 
requires an understanding of how people perceive risks and how they respond to their 
perceptions of those risks. Unfortunately, when professionals work closely with a subject—in 
this case the safe use of pesticides—they lose the ability to see the subject in an objective way. 
They gravitate toward technical explanations that have little meaning to the general public 
and that may even serve to raise anxiety levels. A common example is the attempt to explain 
laboratory testing for carcinogenicity. Although reams of test data may show a product to be 
well within safety limits that are based on conservative assumptions, the fears of the lay 
person hearing such an explanation are seldom allayed.
Understanding how the public perceives pesticides is a first step toward effective 
communication. The risks and related safety measures are not well understood. At best, the 
public holds a deep-seated uncertainty about the balance of the risks and benefits of pesticides 
and the fairness of the distribution of the benefits. Moreover, this situation will not be readily 
changed. The perceptions of risk are such that a growing majority of the American public is 
willing to pay higher prices to avoid the perceived risks.
The news media tend to reinforce the uncertainty among the public. In its ideal state, the 
nature of reporting is to provide both sides of an issue. Unfortunately, the public is looking for 
a black and white answer to the question: Is it safe? The multi-opinion analysis, therefore, 
only serves to cloud the issue. Also, in today's competitive news environment, there is seldom 
time for an in-depth analysis. The primary option that remains is for the person to react at a 
gut level based on an overall impression.
It is important for persons familiar with the issue to recall that they, too, respond this way 
when making risk-based decisions outside the field with which they are familiar. Even when 
the decision involves the health of a loved one, people tend to shun a technical evaluation and 
opt for the opinion of credible sources that may lack, to a great extent, any technical expertise 
in the field.
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A good example of this reaction, outside the pesticide field, is the manner in which a family 
moving to a new community selects a pediatrician. Rather than use an analytical process, the 
family will generally ask a new neighbor for a recommendation. Likewise, when making 
decisions concerning the use of pesticides, the public is not inclined to look for highly 
technical answers even though they perceive that the decisions will affect the health of their 
children. The first step, then, is for communicators to recognize that such behavior is not 
illogical; it is simply based on factors not strongly influenced by technical data.
Dr. Peter Sandman, through research conducted at Rutgers University, has defined the manner 
in which the public evaluates risks as the combination of technical information and other 
factors that trigger inflated or deflated perceptions of the risk. These factors include the 
voluntary nature of the risk i.e. whether the individual has a choice in the matter; the 
familiarity of the risk i.e. whether the individual feels comfortable with frequent or close 
association with the matter; the nature of the risk i.e. whether it is manmade or natural; and 
the notoriety of the risk i.e. whether there is a "dread" factor involved.
In the case of pesticides, these and other factors come into play by increasing the perceptions 
of the risk. People believe that they have very little choice in whether they are exposed to 
pesticide residues in food. They are not familiar with the safety factors built into pesticide use. 
They do not recognize that naturally occurring pesticides may have greater health risks than 
those applied by people. And, perhaps most importantly, the very term "pesticide" is 
threatening to them.
After recognizing that these types of factors are influencing people's judgement, the next step is 
to acknowledge the legitimacy of the questions being asked. There are valid reasons why 
people wonder about pesticide safety given the preponderance of stories in the news media on 
the subject.
An inappropriate response to an inquiry regarding pesticide safety is to discount it as an 
"unfounded fear." A more appropriate response is to acknowledge that many people have 
similar questions and that the questions are understandable.
The ensuing discussion could then include a description of pesticide use as just one component 
of a proper system of growing safe food, which may include, among other practices, proper 
sanitation, the selection of resistant varieties, crop rotation, and proper food handling. 
Moreover, pesticides, like other tools, are safe when used as directed. This safety is based on 
extensive research that includes wide margins for error because tests are based on conservative 
assumptions.
In addition to providing accurate information that is sensitive to people's legitimate concerns, 
pesticide proponents should identify credible third parties to whom people can go for 
information. These may include local physicians and high school teachers who can provide 
balanced Information that will allow concerned citizens to reach their own conclusions.
In summary, it is in eveiyone's interest to communicate clearly, with sensitivity, and in a 
balanced fashion about the pesticide issue. However, messages will be listened to only if they 
acknowledge the legitimacy of people’s questions and respond to thier concerns in a credible 
fashion.
REFERENCES
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Future Challenges of Weed Control
L. Wax
The last two decades have brought tremendous changes In weed control methods. A wide array 
of herbicides is now used on com and soybeans and essentially all the acreage receives one or 
more treatments. Combinations are widely used to provide a "prescription" approach to weed 
control. Application timings range from early pre-plant to late postemergence. Excellent 
control of weeds has now come to be expected. Losses due to weeds have been substantially 
reduced, but weeds still represent a significant loss to the grower. Several problems continue to 
arise from time to time and one of the most troublesome and unpredictable is adverse weather. 
This has resulted in poor control, drift to non-target areas, and herbicide carryover damage to 
following crops. Specific weed problems continue to arise for which new solutions must be 
found. Several aspects of crop production and crop protection are changing so that they may 
result in significant challenges to be faced on a consistent basis over the next several years. 
Some of these potential areas of challenge are discussed below.
WEED CONTROL ON HIGHLY ERODIBLE LANDS
We most certainly seem destined to change our practices on these erodible areas as the amount 
of tillage is decreased in response to legislation and peer pressure. How can we reduce tillage 
yet maintain adequate weed control and high yields? Will no-till com and soybean production 
become the standard? A great deal of research, as well as grower experience, indicates that 
problems with weed control in conservation tillage are different than in conventional tillage, 
and often more difficult, requiring a higher level of management. Herbicide use is often fairly 
high where no cultivation can be relied on. Other practices may be helpful in maintaining an 
adequate level of weed control while reducing erosion. Are drilled soybeans one way of 
providing quicker ground cover to reduce erosion as well as helping to compete with weeds at 
an earlier date? Will year-round ground cover be needed or desired as in the case of rye 
preceding soybeans and vetch preceding com? Can these covers help to control weeds by 
allowing reduced herbicide rates and by reducing erosion? Will herbicide amounts, types, and 
times of application change as we begin to tackle these erosion problems?
At this time, it would appear that herbicide usage will be maintained at the same level or at an 
increased level in order to provide acceptable weed control on these areas. A  move toward less 
PPI and, to some extent, less PRE treatments would seem likely as would an increase in EPP 
treatments and a growing increase in POST treatments. The EPP treatments are effective, 
often eliminate a knockdown treatment, and are often used in combination with later 
treatments. Postemergence treatments, often used as a followup to other earlier treatments as 
needed, are likely to increase substantially in use. We now have an enormous array of 
postemergence herbicides, combinations, and special adjuvants to help maintain good control 
over a wide range of plant growth stages and compensate for particular weather conditions.
WEED CONTROL IN LOW-INPUT SUSTAINABLE AGRICULTURE SYSTEMS
These proposed systems are being widely discussed and will likely be implemented to some 
extent on most of our farming areas over the next several years. The descriptions of these 
systems vary considerably but center around reducing the amount of artificial inputs while 
maintaining an acceptable level of soil fertility, environmental integrity, social acceptability 
and economic return. Can acceptable weed control be achieved as we reduce herbicide inputs? 
This may be possible in some situations, but a higher level of management will likely be 
required. The area of chemical application can be effectively reduced by a combination of 
banding and cultivation. The use of ridge tillage, either without herbicides in some instances, 
or often combined with band applications of herbicides, has been very effective for a small 
percentage of dedicated followers. Perhaps more growers should consider this. Can herbicide
9
rates be reduced significantly with postemergence treatments? This would seem to be a 
promising area, as we have seen considerable potential for increasing the effectiveness of 
postemergence herbicides through more timely applications, split applications, use of special 
adjuvants, and specialized application equipment and spray carriers. (Some research has 
shown much greater effects, and the potential for rate reduction, with very low volume and 
special carriers.) More needs to be done in this area. The most important consideration here is 
to develop an integrated system that combines a number of methods including cultural 
practices and chemical and non-chemical means of control. Some consideration should be 
given to weed threshold data which indicate that excellent or perfect weed control is not always 
required. The last few weeds in the field may be very expensive to control and may not be 
worth the effort.
CONTROL OF PERENNIAL WEEDS
A variety of perennial weeds continues to flourish in our present cropping systems. Some 
promising new treatments are available for the control of johnsongrass but are not available 
for a number of other perennials, particularly the broadleaf perennials. The control systems 
that have worked the best to date have usually involved a combination of cultural methods, 
primary tillage, the use of herbicides, and cultivation during the season after crop emergence. 
What effects on perennial weed populations can we expect under no-tillage situations on highly 
erodible lands? Will the loss of tillage seriously reduce control measures? In general, 
perennial weed populations have increased in no-till areas as compared with conventional or 
reduced tillage. Perhaps additional efforts may be needed to develop special formulations of 
herbicide combinations and adjuvants to provide improved treatments for these situations.
On the other hand, how will perennial weed populations respond to low-input sustainable 
systems? Is the combination of cultural and mechanical control more effective than chemical 
control? It would seem that all methods together would be the most effective, but under the 
guidelines of some of the systems that we will be facing in the future, we may not be able to use 
all the tools that are available. While perennial weeds do not occupy a large acreage, they are 
very important in localized areas and are worthy of some additional work to develop improved 
control measures.
WEED RESISTANCE TO HERBICIDES
Resistance of biotypes of certain weeds to the triazine herbicides has been recognized for 
almost 20 years. Today, triazine resistance has been reported with dozens of species in many 
countries around the world. Resistance of a variety of weeds to such herbicides as paraquat, 
the imidazolinones, and the sulfonylureas has also been documented recently. The triazine 
resistance problem has usually been associated with continuous use of the herbicide year after 
year in a monoculture system for a period of 10 years or so. We in Illinois have, for the most 
part, escaped this sort of problem because of fairly widespread use of crop rotations, 
cultivation, and using a combination of herbicides that have different modes of action. The 
problem is increasing in importance in adjacent states, particularly in Wisconsin, and we have 
begun to get calls about and see samples of biotypes that are apparently resistant in Illinois. 
What does the future hold in this area? Also of concern is the weed resistance that has 
developed in a number of areas with the sulfonylureas and the imadazolinones both of which 
have the same mode of action in controlling weeds. Weed resistance to these classes of 
compounds has been documented from as few as five consecutive years of application.
Although monoculture and continuous use of the same herbicide are not likely to occur in 
Illinois, what results can we expect in a corn-soybean rotation if the herbicides used in both 
crops have the same specific mode of action? Will weeds develop resistance as if we were in a 
monoculture with continuous use of the same herbicide? The answers to these questions are 
probably not known but deserve some attention before a problem occurs. The same solutions 
used in the past will likely prevent the problem from occurring: combinations of cultural and 
mechanical control with rotation of crops and use of herbicide combinations with different 
modes of action.
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HERBICIDES AS POTENTIAL GROUND WATER CONTAMINANTS
Several herbicides have been detected in a variety of ground water situations over the past few 
years causing considerable alarm and concern among the general public, legislators, funding 
agencies, regulatory bodies, and others. There is continuing argument as to the contribution 
from point versus non-point sources as regarding this problem in the Com Belt. It is clear that 
point sources probably make up a substantial portion of the problem, and steps are being taken 
on a wide scale to help alleviate this very important phase of the problem.
Non-point source contamination resulting from normal field application of herbicides is 
possible, but the potential for it varies widely with the soil and geological characteristics.
These various situations will be discussed in detail by one of the next speakers. However, there 
is evidence that a great deal of progress can be made in reducing potential for groundwater 
contamination with herbicides, by paying attention to the selection and application of 
herbicides.
Herbicides may be characterized in a large number of ways, but in terms of their potential to 
move through the soil and contaminate groundwater, three factors seem to be the most 
important: water solubility, adsorptivity, and persistence or half life. Commonly used 
herbicides have been grouped into these classifications. Within limits, herbicide potential for 
groundwater contamination can be predicted fairly well by using these classifications. When 
this information is combined with the soil and geological information, certain herbicide x site 
situations can be identified as potentially dangerous. Use of this type of information has 
resulted in certain herbicides being assigned maximum concentrations that will be allowed in 
groundwater in some instances. Specific limitations have been indicated for some types of 
applications. These characteristics are also being used in the development and registration of 
the newer herbicide so as to reduce the potential for groundwater contamination.
Can the current widely used herbicides continue to be used effectively with reduced potential 
for contamination? Can application methods and/technologies be developed that tend to 
reduce movement of herbicides through the soil? Banding herbicides and combining with 
cultivation may be an effective method to reduce total load by more than half. Following with 
a different postemergence treatment, that does not have potential for contamination, may be 
an option. Cover crops may play a role in reducing weed problems, intercepting and holding 
herbicides, and reducing erosion. Researchers have identified various formulations of 
herbicides that provide slower, controlled release and that tend to keep the herbicide in the 
surface layers of the soil while maintaining acceptable weed control. Some of these 
formulations are only available as granules. Is application equipment available and would it 
be used if it were available? Does tillage or lack of it affect movement of herbicides through the 
soil? All these variables need to be combined into sets of effective management practices in 
order to provide the best opportunity for dealing with this challenge.
The many weed control challenges need to be considered together since they will likely overlap 
at some time in the future. Solutions to those potential problems provide for an exciting 
future. We in agriculture will need to be working together to meet these challenges.
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Soil Characteristics and Water Quality
B. Simmons
Pesticides are applied to soil where they occupy the same environment as germinating weed 
seeds, insects, and other pests. Once applied to the soil, these organic chemicals are subject to 
many processes, most of which are not controlled by the pesticide applicator. The ideal 
pesticide would control the target pest; then, it's task completed, give-in to the swarming 
masses of microbes that convert it into carbon dioxide and water. In this scenario, everybody 
wins. The pest has been controlled, the soil microorganisms are fed, and the environment is 
protected. Although scientists at the University of Illinois are moving us closer to that goal, 
we still have potential problems with our soil-applied pesticides.
Return, if you will, to the romantic analogy of the pesticide as the hero (or heroine) fighting for 
what is good until eventually overrun by the bad guys (an Alamo setting). If the pesticide is 
attacked and overwhelmed instantly (rapid degradation) it will not control the pest. If the pest 
is not present for immediate confrontation, the pesticide effectiveness may drop with time as 
degradation and soil adsorption take effect. When the pest invasion comes at a later time, the 
"fatigued" pesticide is unable to mount an effective attack. Environmentally, the greatest 
concern is pesticides that remain long after the battle has been fought (persistence) or desert 
the combat area during or after the confrontation (leaching). The longer a pesticide remains in 
the soil, the greater the risk that it will move from its desired location. Special circumstances 
such as heavy rainfall shortly after spraying can move pesticides from the target area. 
Characteristics of the pesticide and soil combined with climatic factors will determine the 
likelihood of that pesticide moving out of the upper soil.
Soils affect pesticide movement primarily by controlling the rate and depth of water 
movement from the soil surface by affecting the degradation rate, and by adsorbing pesticides 
away from the main flow of water. If pesticides moved freely with water we would have quite a 
problem since in Illinois we have more rainfall than evaporation and are, therefore, in a net 
leaching environment. Fortunately, most of our soils have excellent capacity to attract and 
hold organic pesticides away from this main flow of water.
Soil adsorption of pesticides is accomplished mostly by clay and organic matter. Soils with 
high clay content are often poorly drained and also have high organic matter content. 
Conversely, sandy soils generally have low organic matter content. As will be discussed later, 
this relationship combined with the hydraulic properties of these different soil groups makes 
sandy soils many time more susceptible to problems than dark-colored prairie soils.
Degradation of pesticides occurs most readily in the upper levels of the soil (the root zone) 
where oxygen, microorganisms, and organic matter are present. Pesticides that move below 
this biologically active zone are less likely to degrade and are, therefore, more likely to reach 
the groundwater. The lower in the soil or geologic material that a pesticide penetrates, the 
slower it degrades.
Research indicates that in both porous and nonporous soils, contamination of groundwater 
can occur where excessive concentrations of pesticides are deposited onto the soil surface 
through spills or illegal disposal. These sites are most likely to be where pesticides are mixed 
and loaded. The processes that are responsible for adsorbing or breaking down pesticides can 
be overwhelmed by high concentrations of chemical. Since degradation is slowed, there is 
more pesticide available for leaching. Spill areas rarely support vegetation that might 
otherwise help pull water to the soil surface. Therefore, it is very important that mixing and 
loading facilities be equipped with containment tanks and dikes to collect pesticide rinsate 
and any spills.
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SOIL CHARACTERISTICS
The permeability and water holding capacity of the soil greatly affect the depth to which the 
downward movement of water occurs. Soils that contain mostly sand are more permeable and 
store less water than soils with a greater clay or silt content. An equal amount of infiltrating 
rainfall will penetrate four times the depth on a sandy soil than it will on a dark prairie soil. 
Water, and any pesticide dissolved in it, can move readily downward in these porous soils. If 
pesticides are transported down below the influence of crop roots, they can continue on and 
contaminate groundwater, especially if the water table is close to the surface. Most soils in 
Illinois are not highly porous, but where these soils exist, pesticides with a high potential for 
movement into groundwater should not be used. Sandy soils are frequently irrigated for 
agricultural production. Improperly timed or excessive irrigation can greatly increase the 
likelihood of groundwater contamination. Early season irrigation is a particular threat since 
large additions of water can move pesticides quickly before plants are actively growing.
Flow of water and pesticides does not always take place through the largest pores in the soil. 
Only when water is ponded above a soil or the soil is saturated do the large pores serve as the 
flow path. If water travels through these large pores the movement is rapid, and contact with 
soil surfaces is limited. This type of flow is the most hazardous with respect to pesticide 
leaching. Fortunately, most water movement occurs when soils are not completely saturated. 
The driving force for water movement under these conditions is the attraction of water to solid 
surfaces. Unsaturated flow is much slower than saturated flow and allows adequate contact 
with the soil to promote adsorption. Unsaturated flow in soil is analogous to water moving 
into a dry sponge. Management practices that enhance water infiltration and reduce runoff 
will help prevent "piling up" of water in low areas and reduce the potential for macropore flow.
IDENTIFYING VULNERABLE SOILS
Local soil and aquifer characteristics should be considered in determining the vulnerability of 
groundwater to contamination by pesticides. Most vulnerable is a combination of sandy soils, 
high water tables, and shallow wells. Sandy soils may be highly permeable and permit the 
downward passage of water and pesticides. Least likely to encounter problems are wells in a 
deep aquifer overlain by well-drained soils high in clay and organic matter. Clay and organic 
matter may "bind" many pesticides and keep them from leaching.
Especially vulnerable are areas that have limestone geology. Limestone is a soft rock that 
readily dissolves leaving large conduits for surface water to enter the groundwater. This type 
of formation may result in sinkholes that allow runoff water laden with pesticides to go 
through the soil untreated. In Illinois, limestone formations are found along the Mississippi 
River.
PESTICIDE PROPERTIES
Various properties of pesticides affect the potential for their movement into the groundwater. 
The three most important characteristics are water solubility, persistence, and adsorption 
potential. Highly soluble products are typically not very persistent nor very well adsorbed 
since degradation occurs most rapidly when a pesticide is in soil water. Persistence and 
adsorption are typically related since pesticides attached to clay and organic matter are 
partially protected from rapid degradation.
The persistence of herbicides is related to recrop restrictions. Herbicides which exhibit greater 
persistence have a long recrop interval. Although the more persistent pesticides are usually 
not very soluble, they can leach to the groundwater at very slow rates. Their persistence may 
allow them to remain intact long enough to eventually leach into the groundwater. Atrazine is 
an excellent example of a relatively persistent herbicide that has been found in groundwater in 
trace amounts.
13
Another important characteristic of a pesticide that affects its potential for movement by 
leaching is its solubility or tendency to dissolve in soil water. When a pesticide is moved into 
the soil by rain or irrigation water, some of the pesticide may be adsorbed, but some of it will 
remain in solution in the water that fills the pores of the soil. Pesticides that are highly water 
soluble may move readily with infiltrating water into the soil profile. Generally, highly 
soluble pesticides are poorly adsorbed and will, therefore, be more likely to leach. Soluble 
pesticides are especially prone to leaching during heavy rains before crop development. At this 
time the pesticide is at the greatest concentration and little water is being pumped out of the 
soil by the crop.
PESTICIDE SELECTION
More Chevrolets than Rolls Royces are involved in auto accidents every year in the United 
States. Does this suggest that Chevys are more dangerous or are driven by poor drivers? Not 
really. This statistic is due in large part to the fact there are just more Chevys in use. The 
same caution must be used in interpreting information about chemicals found in the 
groundwater. The Environmental Protection Agency (EPA) has released a list of herbicides for 
which they have issued groundwater advisories. These herbicides have been found in 
groundwater in one or more states. The list includes many common com and soybean 
herbicides such as alachlor, metolachlor, atrazine and metribuzin. Detections of these 
compounds in the groundwater are often in the part per billion (ppb) range but, nonetheless, 
are positive detections. It is unreasonable to assume that these herbicides would not move in 
some small amounts given the history and magnitude of their use.
If you are preparing a pesticide plan, for soil or geologic conditions that favor movement to the 
groundwater, you may want to select compounds that are less likely to cause a problem. Three 
pesticide properties affect their potential for groundwater contamination due to leaching.
These are 1) persistence 2) solubility and 3) adsorption characteristics. Persistent pesticides 
resist breakdown in the soil and are, therefore, present and available for leaching longer than 
less persistent pesticides. Pesticide solubility in water may be the most important 
characteristic affecting leachability. Soluble compounds dissolve in water and are more apt to 
move with infiltrating rain or irrigation water. Adsorption refers to the ability of a pesticide 
to bind to soil particles. Pesticides that are strongly adsorbed are less apt to move into 
groundwater. Strong adsorption is generally associated with low solubility. Knowing pesticide 
characteristics will help determine their potential for leaching into the groundwater. If your 
local conditions suggest a high potential for pesticide movement to the groundwater, you may 
want to select chemicals that are less likely to leach.
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A Survey of Soybean Pest Management 
Research Needs as
Identified by User Groups in the Midwest
R. Edwards
"Analysis of Soybean Production/Protection Systems and Research Needs in the North Central 
Region" was a project funded by the USDA, Cooperative States Research Service (CSRS) in 1987. 
A sub-objective of this project was "A Study to Determine Soybean Pest Management Research 
Needs as Identified by User Groups in a Five State Region of the Midwest." This study was 
designed to determine, through a survey, pest research needs of different agriculturalists, (i.e., 
producers, fertilizer/chemical dealers, crop consultants, and company agronomists/seedsmen) 
and to identify regional and localized research priorities. These data are being used, along 
with other data, to establish pest research priority funding for the North Central Region.
MATERIALS AND METHODS
The states participating in the survey were Illinois, Indiana, Iowa, Missouri, and Ohio. Ohio 
data are not included in this report because data collection requirements were not met. A total 
of 9,883 questionnaires were sent to producers and commercial agribusinessmen throughout 
the four states. The optimal sample size, with a 5% risk of error, was determined from 
published tables (Krijcie and Morgan 1970). Approximately 26% of the questionnaires were 
returned. Ninety-two percent were usable (IL - 633 of 2,591, 24.0%; IN -685 of 2,192, 31.3%; IA - 
784 of 2,700, 29.0%; MO - 311 of 2,400, 13.0%). Of the usable surveys, 1,605 were from 
producers (IL - 321, IN - 403, IA - 682, and MO - 199), 462 from fertilizer/chemical dealers (IL - 
143, IN - 219, IA -71, and MO - 29), 57 from company agronomists (IL - 25, IN - 13, IA - 7, and 
MO - 12), and 55 from crop consultants (IL - 29, IN - 14, IA - 9, and MO - 3).
The initial mailing of the survey, the date of which varied by state (spring to early summer, 
1988), included a copy of the questionnaire and a cover letter explaining the purpose of the 
study. A follow-up postcard was sent to all potential participants two weeks later. Another 
questionnaire was mailed about one month following the initial mailing. Potential 
cooperators were randomly selected from lists acquired from State Agricultural Statistics 
Offices, commercial pesticide certification agencies, state IPM coordinators, and commercial 
magazines. Each state utilized one or more of these sources for developing their list.
The questionnaire was designed for ease of reading and quick response. However, it was 
detailed enough to obtain the required pest management research-needs information. The 
questionnaire contained 209 possible responses of which 150 were contained in Question 15,
"... read each subject and check each pest category (if any) which [sic] you would like to see 
additional research conducted." This question, the heart of the survey, contained 30 specific 
pest research-needs questions.
After the surveys were received, the data were entered into the computer on a predesigned 
template. The data for each state were entered by agriculturalist type, i.e., producers, 
fertilizer/chemical dealers, crop consultants, and company agronomists/seedsmen. Areas of 
operation within states, such as northeastern Iowa or southwestern Missouri, or across states, 
such as southwestern Indiana and southern Illinois, were noted. The following data about each 
respondent were collected: his/her age; years in occupation; highest level of schooling; number 
of soybean acres worked (farmed, sold products for, consulted on); number of counties worked 
in; his knowledge of IPM; where he first heard of IPM; his major sources of IPM information; 
types of soybean pest management strategies he utilized; and a ranking of his soybean
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production limiting factors. Data were analyzed using the Statistical Analysis Systems, 
copyright 1986 by the SAS Institute Inc. , Caiy, NC.
AGRICULTURALISTS’ PROFILES
The average age of producers was 54. The average number of years in this occupation was 28. 
Twenty-six percent had at least an undergraduate degree. They farmed in 1 county and farmed 
an average of 287 acres of soybeans. Forty percent indicated that they had heard of pest 
management, and of those, 78% indicated that they employ IPM strategies in their farming 
operation. Strategies most often used are alternative controls (80%) and scouting (72%). They 
indicated that their major sources of IPM information are magazines/newspapers (59%), 
county agent/adviser (47%), and university extension specialists (43%). When asked where 
they first heard of IPM, they indicated the media (34%) and university sources (32%) most 
often. Producers/farmers identified com as their most important economic crop followed by 
soybeans and wheat (except in Missouri where soybeans ranked number one, followed by com 
and wheat). When asked to rank the order of importance of 11 specific limiting factors to the 
production of soybeans, weeds were listed most often followed by drought, diseases, 
compaction, pesticide injury, excess moisture, insects/mites, nematodes, poor fertility, hail 
damage, and vertebrates.
Fertilizer/chemical dealers averaged 42 years of age. Their average number of years in this 
occupation was 16. Forty-two percent had completed at least an undergraduate degree. On 
average, they operated across two counties servicing an average of 18,364 acres of soybeans. 
When asked if they had heard of IPM, 84% indicated that they had. Of those that responded 
positively to this question, 89% employed IPM strategies in their business. The strategies most 
often used are scouting (75%) and the use of alternative controls (71%). Also, 63% indicated 
that they consider beneficial organisms before applying chemical treatments. Most dealers 
first heard of IPM from a university (66%). Com was listed as the crop of greatest economic 
importance to this group followed by soybeans and wheat (except in Missouri where soybeans 
ranked number one followed by com and wheat). Fertilizer/chemical dealers ranked weeds as 
the most important limiting factor to soybean production followed by compaction, drought, 
diseases, poor fertility, pesticide injury, insects/mites, excess moisture, nematodes, hail 
damage, and vertebrates.
The average age of company agronomists/seedsmen was 40. The average years in this 
occupation was nine. Ninety-five percent had at least an undergraduate degree. On average, 
they operated across 6 counties and worked in an average of 110,703 acres. Ninety-seven 
percent said that they had heard of IPM. Ninety-eight percent of the 97% indicated that they 
employed IPM strategies in their work. The strategies most often used are scouting (84%), use 
of economic thresholds (78%), and alternative controls (72%). Their major sources of pest 
management information are university extension specialists (79%), other university 
information sources (50%), and magazines/newspapers (44%). When asked where they first 
heard of IPM, 86% indicated a university source. From an economic standpoint, company 
agronomists/seedsmen identified com as their most important crop followed by soybeans, 
alfalfa, and wheat (except in Missouri where soybeans ranked number one followed by com, 
sorghum, and wheat). When asked to rank the order of importance of 11 limiting factors to the 
production of soybeans respondents listed (in order from most important to least important): 
weeds, diseases, insects/mites, drought, nematodes, poor fertility, compaction, pesticide injury, 
excess moisture, vertebrates, and hail.
Forty years was the average age of the crop consultants surveyed. The average number of years 
in this occupation was nine. Eighty-six percent had completed at least an undergraduate 
degree. They operated in an average of seven counties on 13,935 acres. When asked if they had 
heard of IPM, 99% answered yes. Of those that answered yes, 98% employed IPM in their 
work. The strategies most often used are the use of alternative controls (94%), scouting (88%), 
and economic thresholds (81%). Their major sources of IPM information are university 
extension specialists (81%) and magazines/newspapers (37%). Most of the consultants first 
heard of IPM from a university source (66%). Com was listed as the crop of greatest economic
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importance followed by soybeans and wheat (except in Missouri where soybeans ranked 
number one followed by com, rice, and sorghum). Crop consultants ranked weeds as the most 
important production limiting factor. Weeds were followed by diseases, compaction, poor 
fertility, insects/mites, nematodes, pesticide injuiy, drought, excess moisture, vertebrates, and 
hail damage.
RESEARCH NEEDS RESULTS
Analysis of Question 15 indicated that there were several common responses regarding pest 
research needs/priorities across the four-state region. All agriculturalist types identified the 
following as the top pest research priority areas: Insects... 'Yields as affected by insects" and 
"Better use of beneficial organisms for control of insects;" Weeds... "Determine the effect of 
tillage on weeds," "Effect of low-input farming on weeds," "Effects of row spacing on weeds," and 
’Yields as affected by weeds;" Plant Diseases... "Determine the effect of crop rotation on plant 
diseases," "Develop resistant soybean varieties to plant diseases," ’Yields as affected by plant 
diseases," and "Improve seed treatments for plant diseases;" Nematodes... "Develop resistant 
soybean varieties to nematodes" and 'Yields as affected by nematodes;" and Vertebrates...
’Yields as affected by vertebrates." It is important to note that all agriculturalist types in all 
states indicated that research is needed on the effects of all pest types on yield. The percentage 
responding to the above questions varied by agriculturalist type. The general trend was for a 
higher percentage of the company agronomists/seedsmen (59%) to identify one of the above 
questions as a research priority area compared with crop consultants (49%), 
fertilizer/chemical dealers (47%), and producers/farmers (33%). The percentage of all 
agriculturalist types responding to the high priority pest research needs ranged as follows: 
Insects - 20 to 92% (avg. = 49%), Weeds - 0 to 100% (avg. = 50%), Plant Diseases - 0 to 86% (avg.
= 52%), Nematodes - 18 to 92% (avg. = 45%), and Vertebrates - 0 to 33% (avg. = 13%).
Low priority pest research items were also determined. All agriculturalist types identified the 
following as low priority items: Insects... "Determine effects of fertility levels on insects," 
"Effects of water management on insects," and "Effects of row spacing on insects;" Weeds... 
"Better understanding of weed population ecology," "Evaluate the effects of multiple species 
complex on weeds," "Further knowledge of weed reproduction," and "Improved prediction 
capabilities for weeds;" Plant Diseases... "Effect of plant diseases on stored soybeans," "Better 
understanding of plant disease population ecology," "Further knowledge of plant disease 
reproduction," and "Develop new fungicide application methods for plant diseases;" and 
Nematodes... "Effect of low input farming on nematodes," "Effects of row spacing on 
nematodes," and "Better understanding of nematode population ecology." Because of the low 
number of responses for vertebrates, It was difficult to single out three or four low priority pest 
research items. The percentage of all agriculturalists responding to the low priority pest 
research needs ranged as follows: Insects - 0 to 33% (avg. = 12%), Weeds - 0 to 43% (avg. = 12%), 
Plant Diseases - 0 to 57% (avg. = 13%), and Nematodes - 0 to 33% (avg. = 11%).
The data indicated that there are some localized pest research needs that were not identified 
with those of high regional significance: Insects... "Determine the effect of crop rotation on 
insects" (northern Illinois); "Develop resistant soybean varieties to insects" (northern and 
central Indiana); "Develop alternative controls for insects" (northeastern Iowa); "Improve 
scouting techniques for insects" (southern Illinois; northern Indiana; northern, central, and 
southeastern Iowa; southwestern, south central, and southeastern Missouri); "Develop new 
pesticides for insects" (central Illinois; southern Indiana; west central, central, southwestern, 
and southeastern Iowa; northern, central, southwestern, and south central Missouri); "Improve 
timing of pesticide application for insects" (central Missouri); "Effects of pesticide persistence 
on insects" (southeastern Missouri); and "Determine the threat of pesticide resistance to 
insects" (northwestern, north central, west central, and southwestern Iowa; northern Missouri). 
Weeds... "Effects of soybean plant population on weeds" (southern Illinois); "Determine the 
effect of planting date on weeds" (northern, south central, and southeastern Indiana; 
northeastern Iowa; central, southwestern, and south central Missouri); "Determine the effect of 
crop rotation on weeds" (south central and southeastern Indiana); "Develop alternative controls 
for weeds" (southwestern and south central Missouri); and "Effects of soybean plant population
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on weeds" (southeastern Missouri). Plant Diseases... "Determine the effects of planting date on 
diseases" (south central and southeastern Indiana), and "Determining the effects of fertility 
levels on plant diseases" (southwestern Indiana; southwestern and south central Missouri). 
Nematodes... "Determine the effect of crop rotation on nematodes" (central Illinois; northern, 
central, and southern Missouri); "Develop alternative controls for nematodes" (northern and 
southern Illinois; southwestern Indiana; southeastern Missouri); "Improve scouting techniques 
for nematodes" (northern Illinois; northern and central Indiana; northern Iowa); "Better use of 
beneficials for controls of nematodes" (south central and southeastern Indiana; northern, west 
central, and southwestern Iowa); and "Develop new pesticides for nematodes" (southwestern 
Indiana). Vertebrates... "Develop resistant soybean varieties to vertebrates" (southern Illinois; 
central and southeastern Iowa); "Effects of environmental conditions on vertebrates" (southern 
Illinois; northwestern and north central Iowa); "Better use of beneficials for control of 
vertebrates" (central Illinois; northeastern, central, and southeastern Iowa); "Effects of 
pesticide persistence on vertebrates" (northern and southern Illinois; northern, central, south 
central, and southeastern Indiana; west central and southwestern Iowa); "Determine the threat 
of pesticide resistance to vertebrates" (central Illinois); "Improve scouting techniques for 
vertebrates" (central Indiana; northwestern, north central, west central, central, southwestern, 
and southeastern Iowa); "Improve seed treatment for vertebrates" (southern Indiana); and 
"Develop alternative controls for vertebrates" (northeastern Iowa; southwestern and south 
central Missouri).
There were few specific pest research needs that were identified by individual agriculturalist 
types that were not identified by all types. Additionally, as noted above, a higher percentage of 
company agronomists/seedsmen responded positively to the high priority pest research needs.
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The Emerging Issue of Sustainable Agriculture:
Implications for IPM
J. Ikerd
Integrated Pest Management (IPM) has provided a conceptual and methodological foundation 
for the emerging issue of sustainable agriculture.
Led by entomologists, researchers began to recognize the problems associated with 
dependence on extensive insecticide use in the 1950s. They developed concepts leading 
to what is now commonly referred to as integrated pest management (IPM). A central 
principle of IPM is the economic threshold concept, which holds that the mere presence 
of a pest population does not necessarily indicate an economically damaging situation 
where benefits will exceed the cost of control. IPM rests on a set of ecological 
principles that attempt to capitalize on natural pest mortality factors; pest-predator 
relationships; genetic resistance; and the timing and selection of a variety of cultural 
practices, such as tillage, pruning, plant density, and residue management. (National 
Research Council).
The issue of sustainable agriculture is emerging from a resurgence of concerns associated with 
the ecologic and economic implications of a chemically dependent agriculture. However, the 
sustainability issue extends beyond chemical dependency to include concerns for conservation 
of soil, water, and energy needed to support long-run agricultural productivity. Sustainability 
also embodies social issues such as equity of opportunity and ownership structure of farms in 
addition to the ability of agriculture to provide growing populations with adequate supplies of 
safe and healthful foods at reasonable costs. IPM was an important forerunner of the 
sustainable agriculture issue but is one of several important subsets of the broader issue of 
agricultural sustainability.
SUSTAINABLE AGRICULTURE: DEFINED
The term "sustainable agriculture" refers to farming systems that are capable of maintaining 
their productivity and usefulness indefinitely. Sustainable systems must be resource 
conserving, environmentally sound, socially supportive, and commercially competitive.
Systems that fail to conserve their resource base eventually will lose their ability to produce. 
Thus, they are not sustainable. Systems that fail to protect their environment eventually do 
more harm than good, ultimately destroy their reason for existence, and thus are not 
sustainable. Resource conservation and environmental protection are ecological dimensions 
of sustainability.
Farming systems that fail to provide adequate supplies of safe and healthful food at reasonable 
costs will not support social progress and ultimately will lead to political disruption. 
Agricultural systems of communist Europe and China are prime examples of systems that were 
not politically sustainable. Systems that are not commercially competitive will not generate 
the profits necessary for financial survival of producers and thus are not sustainable. Social 
supportiveness and commercial competitiveness are the socioeconomic or economic 
dimensions of sustainability.
IPM, in concept, includes control of all agricultural pests through an integrated approach that 
includes both environmental and economic considerations. However, IPM gives little, if any, 
explicit consideration to soil fertility, conservation of soil and water, or to the social equity 
issues that are included under the conceptual umbrella of a sustainable agriculture.
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Traditionally, IPM has been associated with insect control, in large part because IPM systems 
began with efforts to reduce insecticide use and avert a growing insect-resistance problem 
(National Academy of Science). With the emergence of the sustainability issue, IPM systems 
have taken on more comprehensive approaches to pest management that include integrated 
control of insects, diseases, and weeds. The issue of sustainability seems to be returning IPM 
to its ecological roots.
ECOLOGY VERSUS ECONOMICS
In the long run, there is no conflict between the ecologic and economic dimensions of 
sustainability. A system must be ecologically sustainable or it cannot persist over the long run 
and thus cannot be productive and profitable. A system must be productive and profitable over 
the long run or it cannot be sustained economically no matter how ecologically sound it may 
be.
Even in the short run, there is no conflict between ecology and economics from the standpoint 
of society as a whole. Industries that exploit resources and degrade their environment for 
unsustainable short-run gains are not profitable in terms of social costs and benefits. Such 
systems create an illusion of sustainability by failing to consider all social costs. One segment 
of society bears the costs that another segment ignores, or one generation bears the costs that a 
previous generation failed to consider. Social benefits exceed social costs only for those 
systems that also are sustainable.
However, costs and benefits for individual farmers may differ from costs and benefits for 
society as a whole. Farmers may realize short-run profits in the process of mining or wasting 
resources or by degrading the environment. So in the short run, farming systems that are 
productive and profitable for individual farmers may not be sustainable.
Also, farming systems that are sustainable over the long run may not be profitable in the short 
run. Farmers who conserve resources and protect the environment may not be able to compete 
with those who respond only to short-run profit signals of the market place. Potential 
conflicts between ecology and economics are important concerns for individual farmers 
making day-to-day decisions.
IPM has dealt with the potential tradeoff between ecology and economics through the concept 
of economic thresholds. An economic threshold reflects the point were expected economic 
benefits from pesticide use will exceed the cost of the pesticide. However, an economic 
threshold does not reflect the possible social costs associated with pest control measures.
Limiting pesticide use to levels that are economically justified will protect the environment to 
the extent that pesticides otherwise would be applied at levels that cannot be justified from 
either economic or ecologic reasons. However, cases may exist where pesticide use, from a 
social cost or ecological standpoint, would be less than at levels that are justified solely from a 
dollar-and-cents economic standpoint. In such cases, IPM systems may result in pesticide use 
levels that are not ecologically sustainable.
SUSTAINABILITY REQUIRES SURVIVAL
Sustainable farming systems also must be able to survive adversity. The Rodale Institute talks 
about five Rs of sustainable systems: resistance, resilience, regeneration, re-design and 
replenishment (Hart 1988). Shocks and associated threats to survival are an inescapable 
aspect of the ecology and economics of agriculture. Sustainable systems may resist, absorb, 
recover, adjust, or be restored, but somehow they must be able to persist under conditions of 
periodic ecologic and economic adversity.
A sustainable farming system must be able to survive drought, floods, pest outbreaks, and 
other physical shocks to the ecological system. It also must be able to survive short-run 
economic losses due to periodic crop failures, depressed markets, and rising input costs that
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characterize the agricultural sectors of most economies. Sustainable systems may be 
unprofitable at times, possibly even for extended periods of time, but they must be able to resist 
or recover from adversity.
Farming systems that are productive and profitable under favorable weather and market 
conditions may be highly vulnerable to adverse physical or economic shocks to the system. 
Systems that seem to be sustainable even under average conditions may not be able to survive 
during adversity. Such systems may not be sustainable in the long run even though under 
average conditions they could be productive and profitable.
The growing risk of pesticide resistance was an important reason for seeking alternative 
methods of pest control through IPM in earlier decades. More recently, growing environmental 
concerns have resulted in banning of some pesticides, greater restrictions on pesticide use, and 
rising costs of pesticide development and registration. Farmers are now looking to IPM as a 
means of coping with the increasing risk of chemical dependency in an environmentally 
conscious society.
ARE LOWER INPUT SYSTEMS NECESSARILY SUSTAINABLE?
Low input sustainable agriculture (LISA) is a relatively new term and thus has no universally 
accepted definition. LISA actually embodies two separate concepts: low input (LI) and 
sustainable agriculture (SA). These two terms are related but do not mean the same thing.
The term "low input" refers to systems that rely less on external purchased inputs and more on 
internal resources (Rodale 1988). Some would consider only those purchased inputs derived 
from non-renewable energy sources such as petrochemical based fuels, fertilizers, and 
pesticides (Edwards 1988). This qualification adds clarity in some contexts but adds confusion 
in others.
There is no clear division or point of separation between low input and high input farming 
systems. Thus, lower input, rather than low input, might be a more appropriate term. Systems 
become lower input over time as they reduce their reliance on productivity from external 
inputs and increase reliance on internal resources. Higher input systems, on the other hand, 
substitute external inputs for internal resources.
Lower input systems may or may not be more sustainable than higher input, conventional 
farming systems. Lower input systems tend to be more resource conserving and 
environmentally sound than conventional systems. Lower input systems that use less 
synthetic chemical pesticides, for example, typically represent lower environmental risks than 
do high input systems. Thus, if the economic dimensions of sustainability were ignored, lower 
input might seem to be synonymous with greater sustainability.
However, the economic issues of sustainability cannot be ignored. Major reservations and 
questions regarding sustainability of lower input systems tend to focus on economic concerns, 
on their productivity or ability to support growing populations, and on their commercial 
competitiveness with higher input systems (Ruttan 1989).
Systems that are both lower input and sustainable, LISA systems, must measure up to 
economic standards of productivity and competitiveness in addition to the ecological 
standards of resource conservation and environmental soundness.
IPM systems may be both lower in input use and more sustainable than conventional methods 
of pest control. Several studies have shown that farmers who use IPM usually reduce the 
amount of pesticides applied and increase their net returns of profits compared with farmers 
who apply pesticides in predetermined amounts on a regular time schedule (National Research 
Council).
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In these and other cases, lower input systems may be more productive and competitive systems 
than conventional systems, even in the short run (Dobbs, et al. 1988; National Research 
Council). In many cases, however, farmers may be forced to choose between lower input 
systems that are more resource conserving and environmentally sound and alternative 
systems that are more productive and profitable, at least in the short run.
THE ISSUE OF SUSTAINABILITY
The pursuit of competitiveness and profitability has driven U.S. farmers to greater reliance on 
external inputs. Competitive pressures have forced farmers toward greater specialization as a 
means to greater efficiency. Synthetic chemical fertilizers and pesticides have allowed farmers 
to abandon crop rotations and mixed livestock-cropping systems in favor of more specialized 
cropping and specialized livestock systems. Low energy prices also allowed economic use of 
larger, more specialized equipment and production facilities that encouraged greater 
specialization.
Increased specialization has allowed farmers to realize economies of scale in production, 
marketing, and financing in their operations. Specialization has resulted in increased 
efficiency of farm operators’ labor and management resources. However, specialization has 
meant greater reliance on synthetic fertilizers, herbicides, insecticides, and other external 
inputs.
The trend toward greater reliance on external inputs has not been limited to synthetic 
chemical fertilizers and pesticides or non-renewable energy based inputs. Specialization also 
has meant greater reliance on borrowed capital and hired labor and on more specialized 
knowledge and management skills in the form of paid consultants.
Rising Costs of Specialized Systems. Efficiency gains from specialization have been generally 
recognized and widely accepted for centuries as an economic fact of life. However, the reliance 
of specialized farming on greater use of external inputs has raised significant economic as well 
as ecological questions. First, there are growing indications of declining effectiveness of the 
technologies that support specialized systems.
Some insects are becoming resistant to insecticides, thus requiring higher rates of application 
or new insecticides for control. New insects sometimes replace the old. Beneficial insects 
often are destroyed along with the pests, requiring even greater reliance on insecticides at 
higher costs. The same types of problems are appearing for herbicides as new, more resistant 
weeds appear after others are brought under control. In addition, herbicide carryover and 
build-up in some soils can cause problems with following crops.
The IPM concept was bom out of concerns regarding farmers' continued reliance on chemical 
pesticides. Over time, concerns for the sustainability of chemical pest control measures have 
continued to grow and have merged with concerns regarding use of chemical fertilizers and 
reliance on non-renewable energy sources. These concerns call for lower input systems of 
farming.
Previously fertile soils have lost organic matter and natural fertility through monocropping or 
com-soybean rotations year after year. Lower organic matter has meant that the soil is less 
capable of holding water and nutrients in root zones, resulting in either lower yields from a 
given level of water and fertilization or higher fertilizer and irrigation costs to maintain 
yields.
Other costs of increasing specialization are beginning to show up in the environment of farm 
families and farm workers. Health risks from handling pesticides, for example, have become a 
major issue in farm safety. These risks eventually translate into less effective pest control, 
higher labor costs, or greater health risks for family members.
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Chemical contamination of farm water supplies is another emerging concern of farm families. 
This issue, as much as any other, has increased the awareness of farmers about the potential 
environmental hazards of chemically dependent farming. Until recently, the environmental 
costs of increased use of synthetic chemical fertilizers and pesticides were external to the farm 
or imposed on society in general. The health risks to farm workers and farm families are 
internal costs and thus command the immediate attention of farmers.
In short, current trends in fertilizer and pesticide use point to an increasing cost of supporting 
specialized farming systems. Research is currently underway to validate or refute this 
hypothesis and, if valid, to evaluate its significance.
In some cases, changes in farm policy may be required to make more ecologically sustainable 
farming systems economically sustainable as well. In some cases, research resulting in new 
technology may be required to develop farming systems that are both ecologically sound and 
economically viable.
However, there is a general tendency for economic and cultural trends that are logical at one 
point to progress beyond the point of logical adoption at a later point in time. This tendency is 
responsible for business cycles, commodity price cycles, and cyclical social phenomena. The 
trend toward input intensive, specialized farming systems may have gone beyond its logical 
point of progression. If so, many farmers may have an economic as well as ecological 
incentive to move toward more sustainable farming systems, even with existing technology 
and existing farm policies.
SUSTAINABLE STRATEGIES FOR AGRICULTURE
The philosophical foundation of sustainability is found within the concept of agroecology. 
Agroecology is a synthesis of agriculture and ecology (Altieri 1983). The fundamental purpose 
of agriculture is to enhance the productivity of nature in ways that favor humans relative to 
other species. However, for agriculture to be sustainable, it must be compatible with its 
physical and social environment.
Humans are only one component of an essentially interrelated ecosystem. The ecosystem 
includes people and societies as well as physical resources such as soil, water, and air.
Attempts to shift the balance too far in favor of humans over other species, in favor of some 
people relative to others, or in favor of one generation relative to others may destroy the 
critical ecological balance and eventually destroy humankind.
Ultimately, sustainable agricultural systems must reflect the inherent interrelationships 
among humans and the other elements of their physical and socioeconomic environment. 
Thus, the objective of agroecology is to enhance nature rather than replace nature, to work 
with nature rather than conquer nature.
There are three basic strategies for developing more sustainable farming systems. The first is 
to increase input efficiency within specialized systems; the second is to develop more efficient, 
diversified farming systems; and the third is to develop profitable markets for commodities 
that can be produced with fewer external inputs.
Increased Input Efficiency. Current environmental risks may be more a result of misuse than 
of use of external inputs. Some environmentalists contend that any use of synthetic chemicals 
in any amount in farming represents an unacceptable risk to the environment. However, the 
general public is much more concerned about measurable chemical residues in food and water 
supplies than about the fact that synthetic chemicals are used at all.
Some ecologists contend that specialized monoculture systems of farming are inherently 
unsustainable (Altieri 1983). In a philosophical sense this contention may be valid. However, 
the greatest current threat to sustainability seems to stem from conventional production 
practices that support specialized farming systems rather than from specialization per se.
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Regardless of their longer run sustainability, current environmental and resource risks could 
be reduced through more efficient use of inputs in specialized farming systems. In fact, greater 
input efficiency in larger specialized operations quite likely represents the greatest potential 
for reducing environmental risk from farming over the next decade.
Increased input efficiency is possible with existing technologies. Application rates, timing, and 
placement of fertilizer represent one area for potential improvement in efficiency and 
sustainability. For example, nitrogen applied in the right amount at the right time at the right 
place will be used by the plant and will not contaminate water supplies. Wasted nitrogen 
contributes cost but no returns to the economics of crop production. Thus, more efficient 
nitrogen application through soil testing, tissue testing, banding, and split applications could 
increase the ecologic and economic sustainability of crop production systems.
Similar possibilities for greater sustainability exist for the use of insecticides, herbicides, and 
other pesticides, even in specialized farming operations. Pesticides applied at the right time 
and right place may control pests more effectively at lower rates of application. More effective 
pest control at lower levels of use reduces environmental risks and increases economic 
sustainability. This has been the basic proposition supporting the greater use of IPM strategies 
by farmers.
Resource conservation also may be achieved through more efficient resource management. For 
example, efficient irrigation scheduling may reduce crop stress while cutting use of water and 
energy. More predictable growth may allow for more effective use of fertilizer and other inputs 
as well. Reduced tillage can reduce soil loss and cut energy inputs without sacrificing 
profitability in many situations.
Some intensively managed systems may use more rather than fewer external inputs. Some 
reduced tillage systems may require greater use of pesticides, at least in the short run.
However, greater input efficiency means fewer inputs per unit of output and less potential 
negative spill-over of inputs into the environment. Thus, net gains in sustainability may be 
possible through greater input efficiency without changing basic cropping systems.
Diversified Farming Systems. The greatest promise for sustainability in the long run seems to 
lie with a return to more diversified systems of farming. Diversified systems are generally 
conceded to be more ecologically sound than specialized systems. However, questions have 
been raised regarding the economics of diversification. Diversified systems of the past were 
abandoned for specialization on many farms.
Gains from specialization are undeniable but are not the only route to greater economic 
efficiency. There are potential gains also from integration. The productivity of an integrated 
system can be greater than the sum of the products of the individual system components. This 
phenomenon is called synergism (McNaughton 1988). Specialized systems sacrifice the 
potential gains from synergistic interaction among the various components that are possible 
with diversified systems.
An obvious example of synergism is the interaction between livestock and crop rotations that 
include high quality legume forage crops. Livestock add value to the forage and recycle 
nutrients in the form of manure back into the soil. Legumes add nitrogen to the soil, break 
row crop pest cycles, and provide feed for the livestock.
Raising livestock without high quality legume pastures may not be profitable. Growing legumes 
in crop rotations without raising livestock may not be profitable. However, integrated 
livestock, legume rotation systems may add profitability to the total farming operation. This 
is but one example of the potential synergistic gains from integrated farming systems.
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Risk is another important, but often overlooked, consideration in diversification. Risks may 
be far greater in a specialized farming operation than in a diversified farming system with the 
same basic level of uncertainty in each system component.
For example, assume that one farmer has four enterprises and that each has an equal chance 
of returning a positive $6,000 or negative $2,000 net return in any given year. His average 
return is $2,000 per enterprise or $8,000 in total. If they all are positive, he will make $24,000; 
if they all are negative, he will lose $8,000. But, assume that the enterprises are totally 
uncorrelated. Net returns from each enterprise move up or down independently of each other.
Now let us assume that another farmer specializes in one of the four enterprises but produces 
four times as much as the first farmer. The second farmer has the same chance of making 
$24,000 or losing $8,000 in any given year as the first has of making $6,000 or losing $2,000 
on that one particular enterprise because the second farmer produces four times as much.
Both farmers have the same long-run average or expected net return, $8,000. However, the 
diversified farmer is far more certain of a positive return than is the specialized farmer. In 
fact, the variability of his net returns from year to year will be only about one-half as great as 
for the specialized farmer in this case.
Risk reducing effects of diversification are even greater if enterprise returns are negatively 
correlated, but they will be less if they are positively correlated. Statistically calculated 
variance relationships between specialized and diversified operations vary from case to case. 
However, the general relationship will hold: diversified systems yield more stable returns over 
time than do specialized systems. This is the foundation for the old saying, "Don't put all your 
eggs in one basket."
In summary, synergistic farming systems are made up of system components that complement, 
coordinate, correlate, conserve, and contribute. Such components complement by completing 
nutrient and water cycles to increase efficiency and reduce wastes. Such systems use land and 
labor efficiently through coordination of activities to keep all resources fully employed 
without overextending any. Low or negative correlations among farm system components 
ensure offsetting production and price risk characteristics that enhance stability and reduce 
financial risks.
In addition, synergistic diversified systems conserve their resource base by combining 
components that address the multiple environmental and economic objectives of 
sustainability rather than exploiting resources for unsustainable short run profits.
Markets for Low Input Commodities. The third strategy for greater sustainability is to find 
profitable markets for commodities that can be produced with fewer external inputs. The 
organic food market is an example of one such market. Organic farmers have been important 
advocates of more research and information related to agricultural sustainability. 
Consequently, the whole concept of lower input sustainable agriculture frequently has been 
identified with organic farming. In reality, organic farming is only one example of one 
strategy for agricultural sustainability.
The significance of the organic food example is related as much to organic markets as to 
organic production methods. Few farmers can afford to adhere strictly to organic standards of 
food production unless they receive a premium for the commodities they produce organically.
Many farmers may be able to reduce their use of chemical fertilizers and pesticides 
significantly without sacrificing profitability. However, total elimination of synthetic 
chemical inputs typically will result in higher costs of producing commodities for 
conventional markets. Organic farmers may choose their farming systems for ecological 
reasons, but the market premium for organic foods provides the necessary economic 
sustainability for many.
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The organic food market is not the only potential market for commodities that can be 
produced with fewer external inputs. Several attempts have been made to gain consumer 
acceptance for beef finished on forage rather than grain. Such beef could be produced on 
diversified livestock-crop farms with increased use of forages in crop rotations. Diversified 
forage-finished beef farms might well be more sustainable than row crop farms or cattle feed 
lots. However, the key to success is in market acceptance.
A fundamental market-oriented strategy for sustainability is to avoid head-to-head 
competition with large, specialized operations that produce basic, undifferentiated 
commodities for price competitive markets. Success with this strategy hinges on finding 
something for which consumer preference is based more on a subjective quality, such as 
healthfulness, rather than price, something that is not readily adaptable to large, specialized 
farming operations, and something that can be readily identified with an ecologically sound 
system of farming.
New markets may not provide sustainable farming opportunities for a large proportion of U.S. 
farmers over the next decade. However, such markets may be a means of survival for some 
who otherwise could not compete. More important, such systems could provide insights into 
the types of food-farming systems that will ultimately be required for true long-run 
sustainability.
IMPLICATIONS FOR IPM
The emerging issue of sustainable agriculture may provide an ideal opportunity for a 
resurgence of interest in the fundamental ecological concepts of IPM. During the decades of the 
1970s and 1980s, IPM for many farmers has become integrated pesticide management rather 
than integrated pest management. Their emphasis has been on scouting fields to determine 
when pesticides should be applied for maximum economic results with little consideration of 
alternative pest control measures.
The Issue of sustainability provides an opportunity for IPM to refocus on the broader 
ecological principles of pest control through natural mortality factors; pest-predator 
relationships; genetic resistance; and timing and selection of cultural practices such as tillage, 
pruning, plant density, and residue management. These types of pest management strategies 
will be required to support diversified farming and environmentally benign production 
alternatives as means of achieving greater sustainability.
Pesticide management may be the most acceptable short-run or interim strategy to reduce 
environmental risks associated with farming. However, long-run sustainability may require 
efficient, profitable, diversified farming systems that depend less on commercial pesticides and 
more on alternative IPM systems. Specialized input dependent farming systems, even input 
efficient specialized systems, may not be ecologically sustainable in the long run.
The fundamental principles of IPM can provide valuable insights into understanding the 
broader concept of a sustainable agriculture. The IPM concept of an economic threshold, for 
example, was a step toward balancing economics and ecology in decision making. The ecology- 
based management strategies used in IPM can be used as guidelines in developing strategies to 
conserve soil, water, and energy; to maintain and enhance soil fertility; to protect water from 
nitrate and phosphorus contamination; to ensure food safety; and to maintain the social 
acceptability of agriculture.
Scientists and professionals who have worked in IPM programs can make important 
contributions to interdisciplinary programs that address the issue of sustainable agriculture. 
However, they should recognize that IPM has dealt primarily with environmentally and 
economically sound means of pest control. Sustainable farming systems must be resource 
conserving and socially supportive as well as environmentally sound and profitable.
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In summary, IPM can be both a major benefactor of and major contributor to the emerging
issue of sustainable agriculture.
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Alternatives in Insect Management: Identifying
Options that Work
R. Weinzierl
The University of Illinois Cooperative Extension Service and the Illinois Department of 
Energy and Natural Resources have sponsored the development of a series of Extension 
publications addressing alternative methods of insect management. This brief summary 
presents the rationale for the series and describes the initial publications.
The series "Alternatives in Insect Management" addresses insect control methods that do not 
involve conventional insecticides. While synthetic chemical insecticides provide many 
benefits to food production and human health, they also pose some hazards. In many 
instances, alternative methods adequately control insects and pose fewer hazards. Until now, 
few resources available to farmers or homeowners have adequately discussed the 
characteristics and relative strengths and weaknesses of available alternatives. Initial 
publications discuss (1) microbial insecticides, (2) botanical (plant-derived) insecticides and 
insecticidal soaps, (3) insect attractants and traps, and (4) the use of beneficial insects. 
Publications scheduled for 1990 include broader reviews of alternative insect management 
practices for (1) field crops, (2) home landscapes (garden vegetables, fruits, lawns, and 
ornamental plants, (3) households and structures, and (4) humans and animals.
Alternative methods of insect management are often referred to as "nonchemical" or 
"nontoxic". Although some methods of insect control truly are described by these terms, 
several appropriate and effective alternative approaches are not really nonchemical or 
completely nontoxic. For example, botanical insecticides commonly used by organic producers 
are chemicals, and several important microbial insecticides produce chemical toxins that 
poison infected insects. Despite their other benefits, some common botanical insecticides are 
moderately to highly toxic to mammals. An important step in successfully adopting 
alternative methods of insect management is to focus on characteristics that make a control 
practice least toxic or least hazardous; the terms nontoxic, nonchemical, and natural are 
themselves often artificial simplifications.
MICROBIAL INSECTICIDES
Microbial insecticides contain viruses, bacteria, fungi, protozoans, or nematodes that kill 
insects. The microorganisms used in these products are not toxic or pathogenic to other 
animals or humans, and compared to conventional insecticides, they are very safe for pesticide 
users and consumers of treated crops. Many microbial insecticides infect and kill only a 
single species or group of insects and do not destroy populations of beneficial insects.
Although microbial insecticides can be applied as conventional sprays, dusts, or granules, each 
product's specific properties determine the ways in which it can be used most effectively.
Among the most important microbial insecticides are products containing Bacillus 
thuringiensis kurstaki (Bt), a spore-forming bacterium. Many commercial insecticides contain 
varieties of Bt that control a wide range of caterpillars. Products such as Biobit, Dipel, 
Thuricide, SOK-Bt, Javelin, Worm Attack, and Caterpillar Killer (as well as others) can be used 
effectively against common pests such as the "worms" that feed on cabbage and broccoli, 
European com borer in com, tent caterpillars, and bagworms. Caterpillars must ingest Bt to 
become infected. Consequently, caterpillars that bore into plant tissues without consuming 
treated foliage (as do codling moth larvae on apples and the corn earworm on com) are seldom 
controlled by Bt- Bt products that kill caterpillars will not control other insects. Because Bt is 
rapidly deactivated by ultraviolet light, treating in the evening or on overcast days and 
directing some spray to the lower surfaces of leaves increases effectiveness.
28
Additional varieties of B£ infect different groups of insects. For example, products containing 
Bacillus thuringlensis israelensis (Bti) kill the larvae of certain black flies and mosquitoes. 
Another B&, sold under the trade name M-one, is effective against Colorado potato beetle larvae 
and the larvae and adults of elm leaf beetle.
Another group of promising microbial insecticides includes the insect-pathogenic nematodes. 
The nematodes Steinemema feltiae (= Neoaplectana carpocaosae) and Heterorhabditis 
hellothidis infect and kill a wide range of insects. They are not harmful to plants, vertebrate 
animals, or humans. Although the use of these nematodes is far from perfected, several 
nematode products are commercially available. Trade names include Scanmask and Biosafe; 
some products simply use the scientific name of the nematode.
Insect-pathogenic nematodes do not survive long in dry conditions; consequently, they are 
most effective when applied to control insects in moist, protected habitats. Likely targets for 
nematode products include root weevils, root maggots, Japanese beetle larvae, and annual 
white grubs. (However, limited data gathered in Illinois by Randell and Nixon during 1989 
suggest that Steinemema feltiae is not as effective against annual white grubs, genus 
Cvcloceohala. as was anticipated.)
University of Illinois Extension Circular 1295, "Alternatives in Insect Management: Microbial 
Insecticides" contains a thorough discussion of the advantages and disadvantages associated 
with the use of microbial insecticides. It also presents detailed information about currently 
registered microbial insecticides (bacterial, viral, fungal, protozoan, and nematode products) 
and the conditions that favor their use.
BOTANICAL INSECTICIDES AND INSECTICIDAL SOAPS
Botanical insecticides are comprised of dried and ground plant parts, plant extracts or resins, 
or specific chemicals taken from plants. Insecticidal soaps are not usually considered to be 
botanicals, although the fatty acids from which they are produced may be of plant origin.
Several botanical insecticides and the insecticidal soaps possess some desirable, safety-related 
characteristics. Compounds such as the natural pyrethrins (derived from a flower in the genus 
Chrysanthemum). linalool and d-limonene (two citrus oil components), and the insecticidal 
soaps are very low in toxicity to mammals. As a group, the botanical insecticides are not very 
persistent in the environment. While rapid breakdown may limit an insecticide's 
effectiveness, it also increases its overall safety. It is important to note, however, that the 
"natural" origin of plant-derived chemicals does not mean that they are inherently less toxic 
than synthetic compounds. The well-known poisons strychnine and morphine are derived 
from plants. Nicotine sulfate, a botanical insecticide, is highly toxic to humans when it is 
ingested or spilled onto skin.
Botanical insecticides and insecticidal soaps can be used effectively in several situations. 
Examples include:
Indoor applications of pyrethrins effectively control flying insects. When combined with an 
insect growth regulator such as methoprene or hydroprene, pyrethrins can help to control fleas 
and cockroaches. Synthetic pyrethrin-like compounds such as resmethrin and allethrin are 
very similar to the natural pyrethrins, but more recently developed pyrethroid compounds are 
more persistent; some are considerably more toxic.
Pet shampoos containing d-limonene (such as Hill's VIP Flea & Tick Shampoo) or linalool 
(Demize) kill adult fleas on animals. Crude citrus oil extracts also kill fleas, but these extracts 
can contain compounds that are toxic to pets (especially cats). Although d-limonene and 
linalool are not nontoxic, when they are used according to label directions, they should not 
harm treated pets.
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Rotenone, an insecticide now derived from plants in the genus Lonchocarous (cube), is an 
effective insecticide that can be used outdoors to control a variety of pests, including many of 
the beetles that feed on garden vegetables. It is interesting to note, however, that rotenone is 
similar in acute toxicity and persistence to the synthetic insecticide carbaryl (Sevin).
Insecticidal soaps (including Safer soaps) can be used effectively against mites and soft-bodied 
insects such as aphids and scales. Soaps are most effective when applied directly onto pests; 
they provide little residual control. Soap sprays are most often used to control aphids or mites 
on trees and shrubs. Some plants can be injured by soap sprays; check the insecticide label for 
a list of plants that can be treated.
University of Illinois Extension Circular 1296, "Alternatives in Insect Management; Botanical 
Insecticides and Insecticidal Soaps," reviews the most effective uses for botanical insecticides 
and insecticidal soaps. It also includes information on the toxicity of these insecticides.
INSECT ATTRACTANTS AND TRAPS
Another tactic in insect management is the use of attractants and traps. Attractants are often 
used to monitor insect populations, but they are also used in direct attempts to control pests.
One common insect attractant is light. Many night-flying insects are drawn to the area 
surrounding a light, and certain day-flying insects respond to specific colors of objects. Many 
winged aphids and whiteflies, for example, are especially noted for their attraction to yellow 
objects.
Chemical attractants also are used in insect management. Considerable research has been 
directed to the identification and use of insect pheromones, chemicals produced by insects for 
communication. For many important caterpillar pests, researchers have identified the specific 
sex pheromones produced by female moths to attract a male for mating. In several beetle 
species, both sexes produce aggregation pheromones that attract males and females. Insects 
also cue in on compounds produced by host plants or animals.
Insect attractants are most commonly used for monitoring pest populations. For example, 
traps baited with the sex attractant of the codling moth capture male moths and indicate to 
orchardists the correct timing for insecticide applications to protect against damage from the 
larval stage of this pest. Attractant-baited traps are used in a similar way to determine the 
need or timing for further sampling or sprays to control several common pests including black 
cutworms in field com, com earworm, and several tree borers.
For some pests, attempts have been made to "trap-out" infestations. In this application, many 
traps are used in an attempt to capture a high percentage of the pest population and prevent 
mating or further damage. Mass trapping or removal trapping, other names for this approach, 
is often ineffective because insects are drawn to the vicinity of a trap (sometimes from a 
considerable distance away) without actually entering it. In a few instances, however, where 
immigration is limited and traps are very efficient, removal trapping can be useful.
Another use for attractants is in mating disruption. The application of a synthetic sex 
attractant throughout an area obscures the location of pheromone-producing females, disrupts 
pheromone communication, and prevents males from locating and mating with females. This 
approach has been used successfully on an experimental basis against certain forest pests, the 
grape berry moth, the codling moth (in specific situations), and a few other pests.
Some examples of successful and unsuccessful uses of attractants and trapping include:
Sticky traps baited with the sex attractant of the black cutworm moth are used successfully 
each spring to monitor the immigration of this pest into Illinois from overwintering sites in 
the Gulf states. When moth captures in traps exceed a certain density, farmers in that region
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are advised to check fields of seedling com to determine cutworm densities and the need for 
insecticide application.
In an another effective application, large, cone-shaped wire traps baited with the com earworm 
sex attractant are used to estimate the timing and intensity of com earworm infestations in 
sweet com. Information gained from this trapping program helps to minimize unnecessary 
insecticide applications.
Much less successful are outdoor uses of bug zappers, the electric devices that use light to 
attract night-flying insects to an electrocuting grid. They attract and kill lots of moths, many 
of which are not pest species, but they are ineffective in reducing numbers of mosquitoes, the 
pests most homeowners wish to zap. Not all mosquitoes are attracted to light, and of those 
that are, many fly to the area surrounding the trap, but not all the way into the electrocuting 
grid. The too-frequent result is more, not fewer, insects in the yard surrounding the trap. In 
contrast, electrocuting light traps can be moderately effective when used inside closed 
buildings, such as warehouses, food processing plants, and (sometimes) livestock facilities 
where they kill some species of resident insects without drawing in pests from distant 
surroundings.
University of Illinois Extension Circular 1297, "Alternatives in Insect Management: Insect 
Attractants and Traps" explains the ways in which insect attractants are used in pest 
management. It includes an extensive table that describes specific applications of attractants 
and traps for the management of a range of insect pests.
RELEASING BENEFICIAL INSECTS FOR PEST MANAGEMENT
Insects that prey on or parasitize pests are commonly called beneficial insects. It is important 
to note, however, that these are not the only insects that serve a useful role. In fact, most of 
the insects inhabiting lawns, gardens, fields, and forests are not pests. Many species pollinate 
plants, feed on weeds, and help to recycle organic debris. Realizing that most insects are not 
pests is extremely important because unnecessary sprays aimed at insects mistakenly 
considered to be pests not only waste time, money, and pesticides, they also destroy 
populations of beneficial insects. One of the most important ways that gardeners and farmers 
can take advantage of beneficial insects is to avoid killing them with insecticides.
Eliminating unnecessary sprays and using selective or short-lived insecticides whenever 
possible (such as Bt for caterpillar control or insecticidal soap against aphids in home gardens) 
help to maintain populations of beneficial species.
Even though insect predators and parasites exist naturally, they often are not numerous 
enough to limit pest populations until after the pest has caused excessive damage. To speed the 
effects of predation or parasitization, beneficial insects can be purchased and released in large 
numbers. Beneficial insect releases are most effective in situations where the beneficials are 
well matched to the target pest(s) and do not leave the target area. Success is also most likely 
in circumstances where extremely high levels of control are not mandatory. The following 
examples illustrate some important ideas and problems.
Lady beetles are commonly sold to control garden pests, but the value of lady beetle releases is 
frequently disputed. One factor that determines their usefulness is each species' range of prey. 
Many lady beetle species feed almost exclusively on aphids while others feed on scale insects, 
mealybugs, or mites. They do not randomly attack a broad range of garden pests. Lady beetles 
also can be hard to manage. When adult lady beetles are released, they often leave the garden 
unless prey insects are present and numerous. (They won't wait around for pest problems to 
develop.) Some species will disperse from the release site even if prey insects are abundant.
The result is that lady beetles often do not solve many pest problems when released in a typical 
garden. Several common pests (not aphids or other preferred prey) remain while the lady 
beetles move to adjacent areas or to trees and shrubs where aphids might be found. This result 
isn’t harmful, but it doesn't help with the garden insect problems. Lady beetles have been used
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effectively when large releases were timed to coincide with aphid or crawler-stage scale 
infestations on trees throughout a community.
Several companies sell parasitic wasps for the control of filth flies around livestock facilities. 
These wasps attack only flies; they do not sting other insects, vertebrate animals, or humans. 
Adult wasps (less than 1/10 inch long) deposit eggs on or into fly larvae or pupae, and the 
developing offspring kill the immature flies. Even infrequent releases of the correct species of 
parasitic wasps and key predators, along with well-planned manure management, can provide 
adequate levels of fly management in certain types of poultry housing. Parasitoid releases 
intended to control house flies and stable flies around beef, dairy, and horse facilities have 
been less successful, however. (This does not mean that insecticide use is the only answer; 
regular sanitation Is usually more effective than the use of insecticides or beneficial insects.)
Encarsia formosa. a wasp that parasitizes the greenhouse whitefly, and Phvtoselulus 
persimilis. a predatory mite that feeds on spider mites, are used fairly commonly in Europe 
and to an increasing extent in certain types of greenhouses in the United States. The level of 
whitefly and mite control provided by these beneficials can be adequate for production of 
greenhouse vegetables such as tomatoes and cucumbers. For control of the same pests on 
ornamental plants, relying on predators and parasitoids is less successful because these plants 
must be almost damage-free to meet the aesthetic demands of buyers.
Extension Circular 1298, "Alternatives in Insect Management: Using Beneficial Insects and 
Mites in Pest Management," describes the ways in which beneficial species can be used against 
insect and mite pests. It also outlines the general conditions that contribute to the success of 
release efforts. It summarizes ways in which beneficial insects can be used in specific crops 
and situations and lists commercial suppliers of insect predators and parasitoids.
The initial publications in this series (Extension Circulars 1295, 1296, 1297, and 1298) are 
available for $1.00 each from the Office of Agricultural Publications, University of Illinois, 54 
Mumford Hall, 1301 West Gregory Drive, Urbana, Illinois 61801. Circulars 1295 and 1296 are 
included in the 1990 Pest Control Handbook also available from Office of Agricultural 
Publications.
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Disease Forecasting: An Overview of Current
Developments
D. Eastbum
Although practices such as crop rotation, proper sanitation procedures, use of resistant 
varieties, and alteration of the planting date can be used to control certain plant diseases, 
there remains some diseases for which the application of fungicides remains the best or only 
control option. Most of the available fungicides become inactive within weeks or days after 
application. This situation is desirable from the standpoint of lowering residue levels at 
harvest, but it also means that the materials may have to be applied several times during one 
season in order to adequately protect the crop. Several factors including cost to the grower, 
development of resistant pathogens, and environmental and consumer health concerns have 
provided the grower with incentives for minimizing the number of fungicide applications on a 
given crop.
One way to reduce the number of applications is to apply the fungicide only when there is a 
threat of disease development as opposed to a calendar-based spray schedule in which the 
material is applied whether it is needed or not. Predicting when a disease is likely to occur is 
called disease forecasting, and there have been many attempts to develop accurate and reliable 
forecasting models for several plant diseases.
Most forecasting models are weather-based in that they use daily weather conditions to 
determine the potential for disease development. These models use factors such as air 
temperature, relative humidity, or leaf wetness to estimate whether conditions are favorable 
for spore production, release, and germination, or for infection of the host plant. Other models 
use inoculum (spore) counts or degree day measurements to determine when epidemics are 
likely to start. Depending on the model, the end result will be a severity rating for disease 
potential and/or a recommendation for scheduling fungicide applications.
Some models, such as those which predict apple scab and Stewart's wilt of com, are fairly 
simple to use and do not require any special equipment. Other models are very complex and 
require the use of computers and electronic weather-monitoring equipment. BLITECAST, for 
late blight of potato, and FAST, for early blight of tomato, are examples of the later. 
BLITECAST accumulates severity values, based on relative humidity and temperature, to 
determine when fungicide applications should begin, as well as to determine the frequency of 
subsequent applications (5, 7, or 10 day intervals). Similarity, FAST calculates severity values 
based on temperature and leaf wetness. An initial application is recommended after the 
accumulation of 35 severity values. After the first application, weekly severity values are used 
to recommend spray intervals of 5 or 7 days.
BLITECAST is currently being used in two ways. In the first method, a grower periodically 
calls in a report of the past week's weather conditions. This data is put into a computer which 
uses the data to predict the likelihood of disease development. Based on this information a 
spray recommendation is given. The other method is essentially the same except that it 
consists of a self-contained unit that stays in the grower’s field. The unit monitors weather 
conditions, calculates disease potential, and provides a spray recommendation to the grower.
Current research on disease forecasting includes the use of mesoscale weather forecasting.
Large scale weather forecasts are used along with local terrain information to obtain more 
accurate predictions of local weather conditions. This technique requires the use of some 
fairly complex computer models. The resulting data are then used in place of actual field data 
in a disease prediction model such as BLITECAST. With this technique, disease severity maps
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can be generated for particular growing regions without the need for in-field weather 
monitoring equipment.
Although disease forecasting models have been developed for a number of diseases on a number 
of crops, very few have been used by growers to any great extent. There are several reasons for 
this. One is that the people who develop such models, usually university researchers, do not 
have the means to get the system out to the growers. Another reason is the cost associated with 
maintaining a forecasting service. These problems might be solved with the help of grower 
groups, consulting services, or the fungicide manufacturers. A third reason is grower 
reluctance to take on the added risk of depending on a forecast model. No model is perfect, and 
one mistake may be enough to put a grower out of business. However, with the loss of 
registration of less expensive fungicides such as mancozeb, the increased concern over 
fungicide residues, and the development of more accurate models, the risk/benefit ratio may 
begin to favor the use of disease forecasting systems.
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Corn Rootworm Soil Insecticides: Are the 
Current Application Rates Necessary?
M. Gray, K. Steffey, and K. Kinney
INTRODUCTION
Identifying an optimum application rate of a soil insecticide for com rootworms is important 
for several reasons: to reduce the risk of environmental contamination; to lessen the potential 
adverse effects on nontarget organisms; and to save the producer unnecessary costs associated 
with an insecticide treatment. The optimum rate of application may be determined by 
considering both the degree of control and root protection needed and by examining the 
insecticide efficacy data at various rates.
This paper will discuss how the current 1 to 6 root rating scale was derived; economic 
thresholds as related to root injury; root compensation following larval damage; the effect of 
soil insecticides on com rootworm adult emergence; and finally, root rating data from 
experiments in which reduced rates of some soil insecticides have been used.
THE 1 TO 6 ROOT RATING SCALE
For nearly 20 years entomologists at universities and within private industry have been 
evaluating the performance of soil insecticides against com rootworms by using a root damage 
rating scale. Entomologists using this nonlinear scale assign a rating of 1 through 6 to a root 
system that has been removed from a row within an experiment. This scale was developed by 
Hills and Peters (1971) and has been the accepted technique forjudging the effectiveness of soil 
insecticides ever since.
Root Damage Rating Scale, 1 to 6
1 - no damage or only a few minor feeding scars
2 - feeding scars evident, but no roots eaten off to 
within 11/2 inches of the plant
3 - several roots eaten off to within 1 1/2 inches of 
the plant
4 -  1 node of roots completely destroyed
5 -  2 nodes of roots completely destroyed
6 - 3 or more nodes of roots destroyed
We have used the term "nonlinear" to indicate that the severity of root damage increases 
dramatically beyond a rating of 3. For instance, three different root systems rated 1, 2, and 3 
do not differ greatly in the magnitude of injury. Conversely, the difference between two root 
systems rated 3 and 4 differ considerably in the extent of injury, yet they are separated by a 
margin of only one on the rating scale. Use of this nonlinear root damage scale to understand 
yield responses of plants damaged by rootworms is difficult, to say the least. However, Hills 
and Peters (1971) stated: "In the past, some of these root ratings have been correlated with 
lodging and yield data and have proved to be very satisfactory in the evaluation of insecticides 
applied at planting time." Equipped with this information, entomologists have used the 1 to 6 
root rating scale for many years without devoting enough attention to the second half of Hills' 
and Peters' (1971) paper.
After observing many field situations. Hills and Peters (1971) recognized the ability of com to 
compensate for severe root damage and still produce standing com that yielded well. In order 
to quantify this root regrowth response, they developed a root-recovery rating scale:
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Root Recovery Scale
0 - no apparent recovery
1 - 4 - 6  roots on top node showing regrowth
2 - top ring of roots all showing some regrowth
3 - considerable secondary roots and complete node
of regrowth
4 - regrowth on more than 1 node and good secondary
development
They calculated an adjusted root damage rating by subtracting the recovery rating from the 
damage rating. The adjusted root damage rating scale was designed primarily as a technique 
for evaluating insecticides applied as "postplanting treatments" (cultivation-time). However, 
there is no question that entomologists would have benefited enormously in their 
understanding of how root systems compensate for rootworm injury had we devoted more 
attention to the recovery scale.
Given the importance of com plants' ability to recover from root damage, why was root 
recovery not examined more closely until recent years? Most of the literature associated with 
root damage ratings and the performance of various soil insecticides over the last two decades 
has been generated by university researchers. Evaluating root systems only once during the 
growing season has been and continues to be the main approach to evaluating soil insecticide 
performance. If researchers were to rate roots twice during the growing season in order to 
examine root regrowth more closely, the expenses involved in evaluation would probably 
double. Research is not cheap. However, we probably were not justified in ignoring root 
compensation for so many years. Does this imply that we should continue to ignore root 
compensation? We think not.
ECONOMIC INJURY LEVEL AND THRESHOLD DEVELOPMENT
Soon after Hills and Peters published their paper, entomologists working with com 
rootworms, root damage, and soil insecticides took a different direction in their research. In 
the early 1970s, an increased emphasis was placed on the development of economic thresholds 
and economic injury levels. Although these concepts were not new, having been clearly defined 
by Stem et al. (1959), the published guidelines for rating roots and evaluating the performance 
of com rootworm soil insecticides, coupled with the enthusiasm for the development of 
thresholds, made it inevitable that a root damage threshold would be developed.
Turpin et al. (1972) proposed an economic injury level of 2.5 on the 1 to 6 root damage scale. 
Data for this study were obtained from 1,252 sites within 15 Iowa counties over a 6-year period 
(1964-1969). Ten root systems from each site were evaluated at harvest time by using the 1 to 6 
damage scale. Other edaphic and agronomic features were investigated at each site in order to 
determine their potential impact on rootworm damage. These features included the percentage 
of clay; drainage; slope; insecticide effectiveness; crop rotation pattern; soil pH; percentage of 
lodging; previous year's silking date; planting date; and plant population. Using a root damage 
threshold of 2.5, Turpin et al. (1972) predicted that 192 (36%) of 526 com-following-com sites 
would have damage above the threshold. Iowa com growers used soil insecticides on 72 percent 
of com-following-com acres in 1969. Comparing their own prediction with actual use data, 
Turpin et al. (1972) suggested that approximately 1.8 million acres of Iowa com ground were 
treated "needlessly." They then made a prophetic statement concerning much of what we in 
agriculture are currently facing: 'The amount of com acreage treated needlessly with 
insecticides will have to be reduced in view of the environmental pollution now facing our 
agricultural lands."
Despite this early warning, recent findings by some researchers imply that we have not 
progressed very far in managing com rootworm populations effectively. Foster et al. (1986) 
monitored com rootworm adult populations in 31, 43, and 44 Iowa cornfields in 1979, 1980,
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and 1981, respectively. The researchers concluded that "The optimal strategy for managing 
com rootworms in Iowa in our study was not to sample for adults and always to treat com 
following com with a soil insecticide at planting time." Although extension entomologists at 
the University of Illinois do not recommend this approach, we are aware of the uncertainties 
involved in predicting root damage based upon adult population estimates the preceding 
growing season.
The original root damage threshold of 2.5 has been rather arbitrarily increased to 3.0 on the 
original 1 to 6 scale, and soil insecticides are currently considered to be promising if they can 
keep root injury below a rating of 3. However, some entomologists believe that a root rating of 
4.0 should be used as the economic injury level. Regardless of how the threshold continues to 
evolve, we need to re-examine how root ratings have influenced our rootworm management 
recommendations.
ROOT COMPENSATION
What new information regarding root regrowth is available? Recently Spike (1986) outlined 
several factors that are required for root compensation to occur following injury by com 
rootworms: (1) root injury must not be so severe that regrowth is not possible; (2) the genotype 
of the plant must favor root recovery; (3) soil moisture must be available to promote root 
regrowth; (4) soil fertility must be adequate and available for uptake after root recovery; and (5) 
an optimal plant density is essential for optimal light interception for this photosynthetic 
response to occur. More recently, Spike and Tollefson (1988) speculated, "Root regrowth and 
brace root development are stimulated by rootworm injury, probably because of changes in 
plant hormonal levels resulting from injuiy to root meristems."
Steffey et al. (1989) reported the results of their research efforts regarding root regrowth studies 
conducted in 1987 and 1988. During the 1987 growing season extensive regrowth of tissue was 
observed on root systems of many plants that were rated for damage as part of an insecticide 
efficacy experiment near Monmouth, Illinois. Average root ratings in both July and August, 
root volumes (estimated by water displacement), and average yields are presented in Table 1. 
Root systems from one of the untreated checks had the greatest amount of regrowth and a 
subsequent yield similar to the yield in the "best treatment." These data suggest that com 
plants have the ability to compensate for root feeding even when soil conditions are dry, as 
was the case at Monmouth in 1987. Steffey et al. (1989) stated the following conclusion based 
upon their initial research efforts in 1987: "Overall, we concluded from these preliminary data 
that simple root ratings based on the Iowa State 1 to 6 scale could not adequately represent 
subsequent yield responses under certain conditions."
If evidence continues to indicate that root systems can compensate even for severe rootworm 
injuiy, should we continue to use soil insecticides at rates that routinely keep root damage 
below a rating of 3 on the 1 to 6 scale? Do data indicate that reduced rates of some products 
could maintain root protection at or below a root rating of 3?
ADULT EMERGENCE
A question that has been raised frequently in recent years is, "Have growers had success with 
regard to managing com rootworm populations with soil insecticides?" Are producers actually 
lowering com rootworm populations by applying insecticides, or are they simply protecting 
root systems? Gray et al. (1989) concluded that even when labeled rates of Counter 15G, 
Furadan 15G, and Lorsban 15G were used in University of Illinois research trials in 1983, the 
number of beetles emerging, based upon emergence cage data, did not differ significantly 
between untreated rows and rows treated with any of the three insecticides regardless of the 
tillage practice used (Figure 1). Results from 1984 experiments were similar to those from 
1983; however, Counter 15G reduced beetle emergence in the moldboard plow system (Figure 2). 
Com roots from within these adult emergence experiments were evaluated for rootworm injury 
each year. Plants from untreated check rows sustained more root damage than roots taken 
from rows treated with a soil insecticide at planting (Table 2). This was not surprising.
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Although root damage was reduced when soil insecticides were used, adult emergence was not 
greatly influenced and, therefore, the rootworm population was not actually controlled.
It has been obvious for many years that producers are not managing com rootworm 
populations even when they use labeled rates of soil insecticides. Although entomologists 
continue to stress the importance of utilizing long term management strategies for com 
rootworms, most farmers continue to rely on soil insecticides applied at planting time if they 
have chosen not to rotate to a nonhost crop. We have indicated that adult emergence was not 
significantly reduced when labeled rates of some insecticides were used. This does not imply 
that if reduced rates are used, adult emergence will also decrease. In fact, adult emergence may 
not differ whether labeled or reduced rates of insecticides are used. But can we justify the 
application of labeled rates of many soil insecticides when they contribute nothing to the long­
term management of com rootworm populations?
INSECTICIDE RATES
The current application rate for most com rootworm soil insecticides is approximately 1.0 lb. 
of actual insecticide per acre. We must emphasize that the current recommended rates of 
application of soil insecticides for com rootworms, although based upon years of exhaustive 
research at land grant institutions and within private organizations, may ultimately have 
been arbitrarily set without regard for root compensation. Many scientists within universities 
and in private industry readily admit that labeled rates were established, in part, to account 
for the lack of calibration precision on the part of farmers. We do not accept this argument as 
justification for keeping insecticide rates high, especially since evidence exists that reduced 
rates of certain products perform satisfactorily.
Recommended application rates of rootworm soil insecticides have been based almost 
exclusively on root damage ratings based on the 1 to 6 damage scale. However, new 
information and accumulated data force us to ask: "Are the current rates of application for 
some soil insecticides too high? Is it really necessary to keep root damage below a rating of 3 
in light of what we are continuing to leam about root compensation? Have we included in our 
insecticide recommendations rates that have been set by industry but never sufficiently 
questioned by the researchers conducting most of the trials? Do data indicate that reduced 
rates of some products could maintain root protection at or below a root rating of 3?"
Summarized in Table 3 are root rating data from Iowa State University research trials 
conducted from 1973 to 1989. A quick review of this table reveals that the insecticides usually 
kept root damage below a root rating of 3, regardless of the rate of application. When the root 
damage was greater than 3, all of the rates for a particular product, including the highest 
recommended rate, seemed predisposed to a higher damage rating. In short, these data indicate 
that when the insecticide applied at the labeled rate protected (protection implies a root rating 
of 3 or less) a root system adequately, a similar level of protection was also provided by the 
lower rate of application.
If producers were to use soil insecticides at reduced rates, would more erratic root protection 
occur? Data accumulated by entomologists at South Dakota State University since 1974 may 
provide an answer to this question (Table 4). Root damage ratings for several insecticides 
applied at two reduced rates were compiled from many trials over a 13-year period. Average 
root ratings and the range of root damage ratings for the insecticide treatments and the 
untreated controls were examined. The range of root ratings for each product at each 
application rate is presented in order to address the concern about erratic root protection if 
reduced rates of insecticides are used. These data from South Dakota indicate a remarkable 
similarity in root damage averages and ranges for reduced rates and labeled rates of all 
insecticides examined.
Since 1987, entomologists at the University of Illinois have increased their efforts to 
understand what level of root protection may be afforded to plants when reduced rates of an 
insecticide are used. Results from several experiments in Illinois are summarized in Tables 5-
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8. Data presented in these tables were taken from larger insecticide efficacy trials that 
included both registered and experimental products. Thus far, results from this limited 
number of experiments in Illinois indicate that reduced rates of many products compare very 
favorably with the labeled rates of these insecticides.
Data from Illinois, Iowa, and South Dakota seem to agree: Reduced rates of some products 
usually provide root protection equivalent to the labeled rate if one considers a root rating of 3 
as the economic injury level. As the data reveal, in some instances root damage exceeds a 
rating of 3 when reduced rates are used, but that also occasionally occurs when a labeled rate is 
used. The use of reduced rates of soil insecticides will be challenged on the basis of 
probabilities, e.g., root ratings are more likely to exceed a root damage rating of 3 if reduced 
rates are used than if a labeled rate is used at planting. If this argument is accepted, should we 
be concerned if roots from a field where a reduced rate (or labeled rate) of a soil insecticide was 
used at planting average 3.5 on the root damage scale? It is important to ponder this question, 
particularly in light of recent information about compensatory root regrowth. Beyond the 
often hidden meaning of root ratings and the potential economic benefit, how can we 
effectively factor into this decision-making process the environmental benefits of using less 
insecticide?
Entomologists throughout the Midwest are continuing to accumulate data concerning the 
degree of root protection afforded to root systems when reduced rates of soil insecticides are 
used. Currently, extension entomologists cannot recommend the use of reduced rates of com 
rootworm insecticides. Of primary concern is the question of liability. If a producer uses less 
than a labeled rate of a soil insecticide at planting and is not satisfied with the performance of 
the product, the grower must be prepared to face the economic consequences of that decision.
What stance on this issue should university entomologists take? In our opinion, more data 
concerning the efficacy of soil Insecticides applied at reduced rates should be collected across 
the Midwest. In addition, historical data bases should be carefully examined. We also feel that 
producers should be made aware of past and present research results concerning how reduced 
rates of the com rootworm soil insecticides compare with current labeled rates. Some farmers 
may eventually elect to use less than a labeled rate of a soil insecticide even though they 
recognize the legal implications of their decision.
What kind of situation may prompt a producer to consider using less than a labeled rate of a 
com rootworm insecticide at planting? Let us assume that a farmer has scouted his cornfields 
in July and August for adult rootworm beetles and is trying to determine the potential for 
rootworm larval damage during the next growing season. Extension entomologists offer the 
following recommendations to help producers make management decisions: (1) Alternate com 
with another crop when possible, particularly in fields where rootworm beetles average 0.75 or 
more per plant for any sampling date; (2) If you intend to grow com after com and if rootworm 
beetles average 0.75 or more per plant in com after corn or 0.5 beetle per plant in first-year 
com for any sampling date, consider applying a rootworm soil insecticide at planting time. 
What decision might a producer make if, after carefully scouting a field, he finds his rootworm 
beetle population is slightly below the suggested economic threshold, e.g., 0.6 beetle per plant in 
a field of com after com? A farmer that is very averse to risk may still elect to use a labeled 
rate of a com rootworm insecticide next season at planting time, or he may rotate to soybeans 
or some other nonhost crop. A producer who is less averse to risk may elect to follow the 
economic threshold and plant com the following growing season without a soil insecticide.
How many producers who choose not to rotate, do not feel confident in the suggested economic 
threshold, and have beetle population estimates slightly below the threshold would consider 
using less than a fully labeled rate? Once again, extension entomologists cannot recommend 
using less than fully labeled rates even under this scenario. This is in spite of an expanding 
data base that suggests that some com rootworm insecticides protect roots adequately when 
they are applied at reduced rates.
What role should industry play in continuing research efforts by university entomologists with 
regard to the efficacy of soil insecticides applied at reduced rates? Because of the increasing
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importance of environmental issues and an increased emphasis on reducing inputs, all of us 
involved in agriculture must look very seriously at the current recommended rates of soil 
insecticides labeled for com rootworms. Research efforts in this direction will continue at the 
University of Illinois and at other institutions across the Midwest. We do not have all the 
answers regarding this issue. But it is our hope that companies involved in the sale and 
manufacture of com rootworm soil insecticides will support this intiative in order that we 
may all scientifically evaluate the merits of reducing soil insecticide rates.
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Table 1. Rootworm Larval Damage and Yield, Monmouth, Illinois, 1987
Average
root ratinga 
(July)
Average 
root rating3 
(August)
Volume of water
L
displaced0
(ml)
Average
yield0
fbu/A)
1.9 1.8 187 128
2.1 2.3 204 113
2.9 2.5 205 114
2.9 2.9 208 113
4.0 3.3 211 117
5.4 5.6 222 125
6.0 5.8 197 109
Root damage rating scale, 1-6; 1 = no damage, 6 = 3 nodes of roots 
destroyed.
L
DWater displacement estimates in August were taken during the second 
root evaluation.
cYields determined by hand harvesting 1/1000 of an acre from each 
treatment row.
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Table 2. Root Damage Ratings from the Cruse Farm, Champaign County, Illinois, 
1983 and 1984
Tillage Insecticide
1983___
Root rating3*5
1984__________
Root rating
Fall moldboard plow Counter 15G 2.5 1.8
(Conventional Lorsban 15G 2.8 2.2
tillage) Furadan 15G 4.0 2.5
Check 4.2 3.9
No-till Lorsban 15G 3.0 2.2
Counter 15G 3.2 2.2
Furadan 15G 3.6 2.6
Check 4.7 3.9
aMeans are based on 30 observations (10 roots/treatment x 3 replications), 
bRoot damage rating scale, l-g. 1 = no damage, 6 = 3 nodes of roots destroyed.
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Table 3. Insecticide Efficacy Data Summarized from Iowa State University Research Trials, 1973-1989 (Root Damage Rating Scale, 1-6)
Counter 15G Dvfonate 20G ____ Furadan___ Lorsban 15G
1,0
lbs. a.i./acre lbs. a.i./acre____ lbs. ;a.i./acre lbs, a.i./acre
0.5 0.75 1.0 0.5 0.75 1.0 _ 0.5_______0,75... i.Q____ ___CL5_______ Qo25___
1973, Benton Co., IA 2 .7 b 2 .1 b 2 .6 d 3 .0 d - . -
Untreated average - 3 .9 a 2 .3 C 2 .3 C - - - - - - - -
1973, Clayton Co., IA - 2 .1 b 2 .3 b - - - - 2 .3 2 .0 - - -
Untreated average - 4 .0 - 2 .6 C 2 .2 C - - - - - - - -
1973, Allamakee Co., IA - 2 .4 b 2 .2 b - - - - 2 .6 2 .5 - - -
Untreated average - 3 .8 - 2 .4 C 2 .3 C - - - - - - - - -
1974, Clayton Co., IA _ 2 .2 2 .0 - - - 4 . l d 3 ,4 d • - -
Untreated average - 4 .4 - “ • " * “ “ *
'
1976, Harlan, IA - - - - - - 3 .0 d - 2 .6 d " - -
Untreated average - 5 .5 - - - - - - - “ " “ ” “
1976, Newell, IA - - - - - - - - - - - -
Untreated average - 5 .0 - - - - - - 3 .8 d
"
3 .0 d ■  - -
1976, Wellsburg, IA - - - - - - - - - - - -
Untreated average - 5 .1 - - - - - - 4 .8 d 4 .8 d ' - -
1980, Inwood, IA 2 .4 - 2 .1 - - - - - - - - -
Untreated average - 3.7 - - - - - - “ “ *■ “
1980, Nashua, IA 2 .2 - 2 .0 - - - - - - - - -
Untreated average - 4.2 - - - - - - * * * “ “ '
1981, Nashua, IA 2 .3 2 .0 2 .0 - - - - - - - - -
Untreated average - 4.0 2.6* 2.3* 2.2* - - - - - “ “
1981, Newell, IA 2 .6 2 .4 2 .1 - - - - - - - - -
Untreated average - 4.9 2.8* 3.2* 3.3* - - - - - - - - -
Table 3. (continued)
___ Counter 15G ___Dvfonate 20G Furadan Lnrshan 1 5G
__ Ihii. a J./acre —lbs , ia.i./acre lbs . a.i./acre lbs . a.i./acre
____ (L5___ 0.75 ___ LQ________0.5 0.75 1.0 0.5 0.75 1.0 0.5 0.75 1 i
1983, Sutherland, IA -
Untreated average - 3 .8 2.2 - 2 .1 - - - 2 .8 e - 2 .6 e - - -
1984, Sutherland, IA _ * .
Untreated average - 4 .5 2 .3 - 2 .2 - - - - - - - - -
1987, Hutchins, IA 2 .5 * 2 .5 2 .7 2 .5
Untreated average - 3 .8 - - 2.3* - - - 2.1* - - - - -
1987, Nashua, IA 2 .2 1 .4 2 .8 2 .2
Untreated average - 4 .9 - - 1.6* - - 2.1* - - - - - -
1987, Sutherland, IA 1 .6 1 .7 2 .0 2 .1
Untreated average - 5 .0 . . 1.7* _ _ 1.7*
1988, Ames, IA 2 .8 2 .3 2 .3 2 .4 2 .4 2 .4 - - 2 .7 2 .6 2 .7
Untreated average - 3.6 2.5* - 2.5* - - - - - - -
1988, Nashua, IA 2 .6 2 .4 2 .3 3 .0 2 .8 2 .8 3 .1 3 .1 3 .1
Untreated average - 4 .7 2.6* - 2.2* - - - - - -
1988, Sutherland, IA 2 .8 2 .8 2 .5 3 .3 3 .2 2 .8 3 .2 3 .0 3 .5
Untreated average - 4 .6 2.9* - 2.6* - - - - - -
1989, Ames, IA 3 .6 2 .6
Untreated average - 4 .3 - - 3.1* - - - - - - - - -
1989, Atlantic, IA 3 .0 2 .5 2 .6 _ . 3 .3 2 .7 3 .0
Untreated average - 5.5 3.5* 3.5* 3.1* 3 .0 3 .0 2.9 - - - - 3.2*
a ' Root rating average from control (rows not treated) e " 15G formulation 
k 25/50 mesh granules * ■  in-furrow application
c " 15/30 mesh granules 
^  ' 10G formulation
Table 4. Insecticide Efficacy 
State University
Data Obtained from Research Trials Conducted by Entomologists at South Dakota
Insecticide No. of trials
0.5 lb. a.i./acre 1.0 lb. a.i./acre Untreated Control
Damage rangea Avg. Damage range Avg. Damage range Avg.
Counter 7b 1.6-3.0 2.3 1.6-2.6 2.1 3.2-5.4 4.2
Furadan 10c 1.9-3.4 2.7 1.6-3.5 2.4 3.2-5.4 4.0
Lorsban 2d 2.1-2.7 2.4 2.4-2.5 2.4 4.3-4.4 4.4
0.75 lb. a.i./acre ___ 1.0 lb. a.i./acre_______ __Untreated Control_______
£  Counter 18c 1.9-3.0 2.2 1.7-2.9 2.1 3.3-5.2 4.1
Dyfonate 13f 2.1-3.6 2.4 2.1-3.1 2.6 3.3-5.0 4.0
Furadan 208 2.0-4.1 2.8 1.6-4.0 2.5 3.3-5.6 4.1
Lorsban llh 2.1-2.8 2.4 2.2-2.8 2.3 3.3-5.0 4.0
Root rating scale, 1-6.
bTrials conducted in 1974, 1977, 1981, 1985, and 3 in 1987. 
cTrials conduted in 1974, 1977, 1978, 4 in 1981, and 3 in 1985.
^Two trials conducted in 1987.
eOne trial conducted in 1978, 2 in 1975, 3 in 1974, and 12 in 1987.
*Two trials conducted in 1975, and 11 in 1987.
^Three trials conducted in 1974, 2 in 1975, 1 in 1979, 3 in 1985, and 11 in 1987. 
h
Eleven trials conducted in 1987.
Table 5. Com Rootworm Soil Insecticide Evaluation, Urbana, Champaign County, 
Illinois, 1987
Insecticide Ratea
Method of 
application Root rating^c
Counter 15G 8 7-inch band 2.0 a-d
Counter 15G 8 in-furrow 2.0 a-d
Counter 15G 4 7-inch band 2.5 a-g
Dyfonate 20G 6 7-inch band 1.8 ab
(Mont, clay)
Dyfonate 20G 6 7-inch band 1.9 a-c
Dyfonate 20G 6 in-furrow 2.1 a-e
Dyfonate 20G 3 7-inch band 2.5 a-g
Check 3 5.1 1
Check 2 5.1 1
Check 5 5.2 1
Check 1 5.3 1
Check 4 5.3 1
aRate expressed as ounces of product per 1,000 feet of row. Eight ounces of a 
15G insecticide applied per 1,000 feet are approximately equivalent to 1 lb. a.i. 
per acre.
^Root damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication).
cMeans in a column followed by the same letter are not significantly different 
(Duncan's Multiple Range Test, P = 0.05).
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Table 6. Com Rootworm Soil Insecticide Evaluation, Monmouth, Warren County, 
Illinois, 1987
Insecticide Ratea
Method of 
application Root rating*5 c
Counter 15G 8 in-furrow 2.1 a-c
Counter 15G 8 7-inch band 2.1 a-d
Counter 15G 4 7-inch band 2.7 c-f
Check 1 5.3 i
Check 2 5.4 ij
Check 5 5.6 ij
Check 6 5.8 ij
Check 4 5.8 ij
Check 3 5.9 j
aRate expressed as ounces of product per 1,000 feet of row. Eight ounces of a 
15G insecticide applied per 1,000 feet are approximately equivalent to 1 lb.
a.i. per acre.
^Root damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication).
cMeans in a column followed by the same letter are not significantly different 
(Duncan's Multiple Range Test, P = 0.05).
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Table 7. Cora Rootworm Soil Insecticide Evaluation, DeKalb, DeKalb County, 
Illinois, 1989
Insecticide Ratea
Method of 
application Root rating*5 c
Counter 15G 8 7-inch band 2.6 a-d
Counter 15G 6 7-inch band 2.7 a-d
Counter 15G 8 in-furrow 2.8 a-f
Furadan 15G 6 7-inch band 2.6 a-d
Furadan 15G 8 7-inch band 2.9 a-g
Furadan 15G 8 in-furrow 3.0 a-h
Dyfonate II 20G 4.5 7-inch band 2.9 a-g
Dyfonate II 20G 6 7-inch band 3.3 c-i
Lorsban 15G 6 7-inch band 3.0 a-h
Lorsban 15G 8 in-furrow 3.1 a-i
Lorsban 15G 8 7-inch band 3.2 c-i
Untreated check 4.8 j
aRate expressed as ounces of product per 1,000 feet of row. Eight ounces of a 
15G insecticide applied per 1,000 feet are approximately equivalent to 1 lb.
a.i. per acre.
L
°Root damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication).
cMeans in a column followed by the same letter are not significantly different 
(Duncan’s Multiple Range Test, P = 0.05).
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Table 8. Com Rootworm Soil Insecticide Evaluation, Monmouth, Warren County, 
Illinois, 1989
Method of
• • * b cInsecticide Ratea application Root rating
Counter 15G 8 7-inch band 2.8 a-c
Counter 15G 6 7-inch band 3.0 a-e
Counter 15G 8 in-furrow 3.3 b-f
Dyfonate II 20G 4.5 7-inch band 3.9 f-i
Dyfonate II 20G 6 7-inch band 4.4 i-k
Lorsban 15G 8 7-inch band 2.9 a-d
Lorsban 15G 8 in-furrow 3.4 d-f
Lorsban 15G 
Untreated check
6 7-inch band 3.5 d-g
4.6 jk
aRate expressed as ounces of product per 1,000 feet of row. Eight ounces of a 
15G insecticide applied per 1,000 feet are approximately equivalent to 1 lb.
a.i. per acre.
^Root damage rating scale includes six categories ranging from no damage (1) to 
severe damage (6). Mean is based on 20 observations (4 replications x 5 samples 
per replication).
Means in a column followed by the same letter are not significantly different 
(Duncan's Multiple Range Test, P = 0.05).
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Univ. lll. Cruse Farm, 1983
Figure 1.
Rootworm beetle emergence, Cruse Farm, 1983.
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Univ. II! Cruse Farm, 1984 Univ. ill. Cruse Farm, 1984
Univ. III. Cruse Farm, 1984 Univ. III. Cruse Farm, 1984
Figure 2.
Rootworm beetle emergence, Cruse Farm, 1984.
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Conservation Tillage and Plant Disease
Development
W. Kirby
INTRODUCTION
Research indicates that tillage practices may increase, decrease, or have no effect on plant 
diseases. This is because crop residues may potentially increase the overwintering survival 
rate of pathogen propagules, may increase the activity of organisms antagonistic to pathogens, 
may modify the soil environment to favor selected organisms, may affect physical and/or 
chemical properties of the soil, may influence root growth and activity, may modify soil 
moisture levels and temperatures, and may affect survival of pathogen vectors. Any or all of 
these practices will have a direct influence on the level of plant diseases appearing during the 
next cropping season.
Tillage practices may also indirectly influence plant diseases by affecting the rate and/or 
uptake of nutrients, the application or types of fertilizers and pesticides, dates of planting, 
germination rate of seeds and emergence of seedlings, and root distribution. Certain pathogens 
which depend on crop residues for nutrients and overwintering sites may survive in any 
conservation tillage system while others may require specialized conditions found only in 
selected tillage systems combined with certain cropping sequences.
PLANT RESIDUE AS SURVIVAL HABITATS FOR PATHOGENS
Plant residues from conservation tillage operations provide an excellent source of 
overwintering inoculum for many field crops. Research has shown that residues provide a 
means of survival for common plant diseases including several important leaf blights of com. 
Boosalis (1967) reported that viable spores of the fungus-causing northern com leaf blight 
overwintered in com leaf sheaths, leaf midribs, and on ear husks. However, Bums and 
Shurtleff (1973) reported that survival in Illinois of the pathogen-causing southern com leaf 
blight was dependent not only upon the presence of residues, but also on the race of the fungus. 
Two races of this leaf blight fungus appeared in Illinois in the early 1970s. Race T was far 
more severe and attacked both leaf tissue and developing ears; Race O was able to colonize only 
leaf tissue and did much less damage. Bums and Shurtleff determined that chisel plow or zero- 
till operations favored survival of Race O when compared to clean plowing. Also, they found 
that Race T appeared first in zero-till plots and last in plowed plots. This may be due in part to 
the ability of the different races to colonize plant residues and to survive the winter in a 
saprophytic state. Several bacterial diseases were found to survive in crop residues. Goss's wilt 
and Holcus leaf spot of com are two examples in which residues directly influence disease 
outbreaks. Bacteria are generally nonmothe and depend upon splashing water and/or wind for 
dispersal rather than active movement to a host. If infected residues are present in a field 
during windy, wet weather, bacteria may be splashed onto emerging plants and epidemics may 
develop.
SOIL FACTORS AFFECTING GROWTH AND SURVIVAL OF PATHOGENS
Crop residues may provide both beneficial and toxic substances to fungi and other pathogens 
associated with the residues. These substances may provide materials to allow pathogens to 
exist in a saprophytic state, may inhibit or stimulate germination of overwintering structures, 
and may provide materials for other microorganisms that compete with the pathogens.
A number of studies have documented the effects of diffusing materials from decomposing 
plant residues on fungi and other pathogens. Several researchers have noted that wheat and
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oat residues contained no phytotoxic substances after eight weeks of exposure to field 
conditions, while com and sorghum required 22 to 28 weeks of exposure before becoming 
nontoxic. They also determined that phytotoxic products varied among nine wheat varieties. 
Snyder et al. (1959) determined that the addition of certain crop residues would reduce the 
activity of a bean root rot fungus. This work indicated that adding wheat straw, com stover, 
barley straw, or pine shavings would reduce the level of root rot. However, adding green 
materials would increase root rot. They concluded the availability of nitrogen affects the 
survival of the pathogen. If residues contain materials that have high carbon to nitrogen 
ratios then nitrogen becomes limiting as it is tied up by various organisms and is unavailable 
to pathogens which may be poor competitors. If materials have low carbon to nitrogen ratios 
then pathogen activity may be increased. This was shown to be particularly tme in the case of 
fungi belonging to the genus Fusarium, which are known to be poor competitors that cannot 
infect without an adequate supply of nitrogen.
EFFECTS ON ROOT GROWTH AND DEVELOPMENT
Stress was shown to be a major contributing factor in the development of many plant diseases. 
One major component of stress is inadequate root growth or development. The use of 
conservation tillage systems was shown to play a major role in the development and 
distribution of roots in soil.
Chaudhaiy and Prihar (1974) demonstrated that straw mulch and cultivation enhanced root 
growth and development in the upper soil layers and also increased the lateral spread of roots. 
There was less root development in mulched plots and a more symmetrical root distribution in 
cultivated plots. Plots with inter row compaction produced roots that grew deeper but did not 
spread laterally when compared to other treatments.
Although this study demonstrated that root development was less in mulched plots, plant 
growth and yields were higher. Several possibilities are noted for this response including 
lower evaporation rates, reduced soil temperatures, and better water storage capacity. All of 
these factors will reduce stress on the plants and decrease the possibility of crop losses 
especially from pathogens that normally parasitize only weakened plants.
DISEASE CONTROL AND CONSERVATION TILLAGE
Control of plant diseases in conservation tillage systems requires an integrated approach 
emphasizing alternatives to clean plowing. Although many plant pathogens overwinter in or 
on residues, the use of resistant varieties and crop rotation offer economical means of reducing 
potential losses. Leaf blights of com, several bacteria, and other diseases associated with 
residues are currently controlled in this manner.
One highly successful example of controlling plant diseases with conservation tillage is the 
"ecofallow" system developed in Nebraska. This tillage technique, discussed by Boosalis (1981) 
is designed to control weeds and conserve soil moisture with minimal soil disturbance. Crop 
rotation is combined with herbicides and a fallow period in order to conserve moisture. Data 
collected from 1972 through 1974 showed significant decreases in stalk rots of sorghum under 
the ecofallow system when compared to conventional tillage. Possible reasons for this include 
stress reduction due to the presence of mulch and the fact that crop rotation was used. The 
same crop is never planted back into the stubble and mulch from the previous crop. This 
prevents the build-up of pathogens which could move into the current crop. Modification of 
planting date, row spacing, and plant populations, combined with selection of suitable 
pesticides, offer additional means of coping with residues and soil environment changes 
associated with conservation tillage. These practices, when combined with varieties selected 
for conservation tillage fields and crop rotation, can provide very high levels of protection 
from common plant disease problems associated with residue.
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SUMMARY
Tillage practices may influence plant diseases directly or indirectly. Residues may provide an 
excellent habitat for pathogens and serve as foci for disease development; they provide a 
nutrition source of fertilizers, chemicals, and related materials; they may favor the 
development of antagonistic microorganisms; they may modify the chemical and physical 
environments of the soil to favor either the host crop or the pathogen; they may produce 
compounds during decomposition that beneficially or adversely affect the pathogen; and they 
may affect the physical distribution of roots to make them resistant or vulnerable to pathogen 
invasion.
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Weed Control Systems for LO-TILL
E. Knake
There Is Increasing interest in reducing tillage. Many farmers are now using a chisel plow, 
disk, or field cultivator rather than a moldboard plow. Many are opting for a tillage rotation 
with little or no tillage some years and more tillage, perhaps, every second year. Both research 
and farmer experience suggest that no-till can be quite successful. It can also be a significant 
challenge. Yields may be less than, equal to, or greater than yields where some tillage is used.
The type of tillage system used will depend on the soil and cropping system, the conservation 
farm plan, the type of equipment available, and personal desires based on observations and 
experience. The primary purpose of this paper is not to recommend what type of tillage system 
to use, but to suggest weed control methods for whatever system may be chosen. Nor will we 
attempt to be very specific in recommending herbicides, rates, and methods of use. Some 
herbicides will be discontinued, while others will become available to improve weed control in 
conservation tillage systems. Herbicide formulations, combinations, rates, and methods of use 
also change. For more specific weed control information, refer to current weed control guides 
and herbicide labels.
As tillage practices change, weed problems can change as well. As tillage is reduced, some weeds 
such as velvetleaf may become less of a problem. Other weeds such as fall panicum, marestail, 
hemp dogbane, and common milkweed may increase. As the herbicide arsenal continues to 
grow, we have greater opportunities to control weeds for nearly any tillage or cropping system.
It is often said that no-till requires more herbicide and increases costs. While this may be true 
sometimes, our research and experience indicate that there are techniques for avoiding 
increased herbicide expenditures. By taking advantage of certain cover crops or mulches, 
herbicide use might even be decreased with no-till.
As we consider resource conservation, we will give increased attention to water quality as well 
as to reducing soil loss. Planning will include consideration of geological and soil 
characteristics as well as herbicide properties such as adsorption, solubility, and persistence. 
Judicious planning can aid in maintaining water quality. For example, seeding desirable 
vegetation on land set aside from production down slope from production fields can provide 
filter zones to reduce the movement of soil and pesticides into surface water. Plants and soil 
organisms in the filter zone can help to degrade the pesticides. Chemical decomposition can 
also play a role, as can adjusting the soil pH in these filter zones.
Corn Following Soybeans
In Illinois we have nearly as many acres of soybeans as com. Many farmers grow the two 
crops in sequence. This provides a unique opportunity to reduce tillage since soybeans usually 
leave the soil in good physical condition. With modem planters, com can be planted very 
easily after soybeans without any tillage. For those farmers who prefer to incorporate their 
herbicides, the soybean stubble can be left over winter with the herbicide applied to the stubble 
in the spring and incorporated in the same operation. Some may argue that soybeans do not 
leave as much crop residue as would be desired. However, if the majority of farmers simply left 
their soybean stubble over winter and used little or no tillage in the spring, this would be a 
giant step toward meeting resource conservation goals.
In university research with com no-till after soybeans, we have had excellent yields and good 
weed control with commonly used herbicides, and generally without having to increase 
herbicide rates or costs (Tables 1 and 2). Good results have been achieved with no tillage and
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no row cultivation. However, common sense should prevail, and if the situation warrants a 
little extra herbicide or cultivation, this should be considered.
With early planting preceded by preplant herbicide application, there may be few, if any, weeds 
present when the herbicide is applied. If there are weeds present, however, they can be killed 
with the incorporation operation. Herbicides such as atrazine and Bladex with postemergence 
as well as preemergence activity can also easily control some of the early weeds such as 
smartweed. Banvel and 2,4-D are other relatively low-cost options that can be effective on 
perennial as well as on annual broadleaf weeds while Gramoxone and Roundup can be effective 
on both broadleaf and grass weeds. Herbicide choice and rate will depend on the type of 
vegetation present at application time. The best time to control some perennials, such as hemp 
dogbane and quackgrass, is in the fall so that the herbicide can be translocated to the roots 
and rhizomes when energy reserves are moving downward. Where the crop has not yet been 
planted, the addition of adjuvants such as crop oil concentrate and fertilizer solution can 
enhance postemergence activity when used within label guidelines.
Herbicides such as Lasso and Dual can be used to enhance grass control and have the flexibility 
of surface application or incorporation. Herbicides such as Sutan+, Genate Plus, and 
Eradicane have generally performed well when applied directly to soybean stubble and 
incorporated.
Where additional help is needed after crop emergence, several postemergence herbicides such as
2,4-D, Banvel, Marksman, Laddok, Basagran, Buctril, atrazine, and Bladex are available, with 
the triazines providing some help on small grasses as well as on broadleaf weeds. Tandem plus 
atrazine or Bladex can enhance grass control as well as provide good control of broadleaf 
weeds. Accent, for com, has performed very well on grass weeds such as shattercane, 
quackgrass, johnsongrass, and fall panicum, as well as on foxtail. It is also effective on some 
broadleaf weeds. Beacon is not as effective as Accent on some annual grass weeds such as giant 
foxtail. However, Beacon is quite effective on shattercane and johnsongrass and is more 
effective than Accent on some broadleaf weeds such as cocklebur. Herbicides such as Tandem 
plus triazine and Accent offer significant new opportunities for no-till com.
Cora Following Corn
No-till can also be successful with continuous com if appropriate management is used. A 
mulch of com crop residue can gradually build up to aid in moisture retention and help 
provide control of some weeds. However, some weeds such as fall pancium may intensify. The 
small seeds of fall panicum can filter through the crop residue where the moist microclimate 
below is conducive to germination of the panicum seed.
Although control of fall panicum has been somewhat of a challenge for continuous no-till 
com, it can be accomplished. While the main concern with giant foxtail is early growth, 
panicum tends to germinate early as well as in midseason. Herbicides such as Lasso and Dual 
can help control the early flush of panicum. The micro-tech formulation of Lasso may have a 
slight advantage over the EC formulation.
Because atrazine is weak on panicum, using simazine or Bladex instead of atrazine can be 
helpful. An early postemergence application of Bladex, or Tandem plus Bladex, is a possibility. 
Prowl applied postemergence to the com can provide residual activity to extend control, or 
Treflan incorporated as com is cultivated is a possibility. Application of an acetanilide 
herbicide such as Dual in midseason can extend control as well.
When perennials intensify with reduced tillage, translocated herbicides such as 2,4-D, Banvel, 
and Roundup may be needed. Basagran and Laddok postemergence can help on some perennials 
such as Canada thistle and nutsedge.
Although continuous com may be justified in some areas, a cropping sequence or rotation as 
well as a tillage rotation can provide a greater variety of opportunities to control specific
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weeds. Grasses such as panicum, wirestem muhly, johnsongrass, and shattercane have been 
much easier to control with some of the herbicides for soybeans. However, Accent and Beacon 
offer new help on some of these grasses in com. Avoiding a monoculture and using a variety of 
herbicides or a herbicide rotation also can help to avoid the risk of developing herbicide- 
resistant weeds.
Soybeans Following Com
On relatively level land that is not subject to much soil erosion, a chisel plow and/or disk or 
field cultivator are often used after com in preparation for soybeans. Such tillage allows the 
use of some incorporated herbicides, such as trifluralin, which have been quite effective, 
economical, and popular for soybeans.
Improved planting equipment and an increasing arsenal of herbicides for soybeans are 
enhancing the chances for success with no-till soybeans. One must consider early bumdown of 
grass and broadleaf weeds as well as residual control with preemergence herbicides or 
postemergence treatments.
For bumdown of grass, Roundup, Gramoxone, and post-grass killers such as Poast, Fusilade, 
Assure and Option can be effective. Check labels for approved uses. Roundup or Gramoxone 
can bum down broadleaf weeds, and 2,4-D applied sufficiently early is also a possibility.
One program, for example, has included 2,4-D sufficiently early for control of broadleaf weeds 
in addition to a herbicide such as Poast for early bumdown of grass weeds. Subsequently, 
herbicides such as Basagran and Blazer can be applied followed by one such as Poast. Lorox 
and Lorox Plus can have postemergence as well as premergence activity as can Sencor and 
Lexone. One of the components of Preview, Canopy and Lorox Plus is the same active 
ingredient found in Classic which is used post emergence. With a higher rate of this active 
ingredient (chlorimuron) in Preview, Canopy and Lorox Plus, there is significant bumdown as 
well as residual activity.
In research trials, Preview and Canopy have performed very well for both bumdown and 
residual activity. Control of marestail, which can be a significant problem in no-till, has been 
quite impressive with Preview and Canopy. One possibility, for example, would be to apply 
Preview or Canopy for bumdown and residual and then, if more help is needed for grass 
control, apply a postemergence herbicide such as Assure.
Scepter can also have both postemergence and residual activity. But although it is effective 
postemergence on cocklebur and pigweed. Scepter is weak on lambsquarters and on several 
other broadleaf weeds. Pursuit also provides both postemergence and residual soil activity.
Herbicides such as Lasso, Dual, and Prowl can provide residual preemergence activity to 
control grass. A  combination premix such as Bronco, containing the active ingredients of both 
Roundup and Lasso can give both bumdown and residual control of grass.
There is a significant increase in the number of postemergence herbicides for soybeans for 
both grass and broadleaf control. Although the activity of postemergence herbicides is 
generally greater during warmer weather, some of these compounds can be applied early for 
bumdown, and additional postemergence treatments can be applied later for more control.
While the above information may not provide a "cookbook" approach for no-till soybeans, it 
will hopefully stimulate thinking as some dynamic new possibilities develop to further 
increase the chances for success with no-till soybeans.
NO-TILL CORN IN SOD
Small-seeded legumes and grasses may be used for pasture, hay, or set-aside. When rotating the 
land back to com there is an opportunity for no-till. Although no-till com in sod can be
58
successful, it is not always as successful as desired. Some farmers would like to harvest a crop 
of hay before no-tilling com in sod. However, especially in a dry year, the removal of moisture 
by the forage crop may create a moisture shortage for the com. Thus, it is sometimes best to 
kill the sod early and not try to harvest hay. If hay is harvested, allow sufficient regrowth in 
order to permit the herbicide to be effective. In a wet spring, no-till planting in sod may allow 
for earlier field operations.
The feasibility and cost of grass control vary considerably. Bluegrass can be easily controlled 
with atrazine, and timothy is also relatively easy to control. A combination of atrazine and 
Gramoxone has been effective on tall fescue. Fall treatments including atrazine may help on 
bromegrass. Orchardgrass may require two quarts or more of Roundup if treated in the spring. 
Advanced planning for fall treatment can help assure effectiveness and lower costs for treating 
perennial grasses and some legumes.
Where there is a pure stand of clover or alfalfa, control is usually easier and less expensive 
than where grass is also present. For shallow-rooted clover such as red clover, the triazines 
can give good control if moisture is adequate (Tables 3 and 4). A combination of 
approximately 1 1 /2 to 2 pounds each of atrazine and Bladex has worked well. Premix 
combinations such as Extrazine II have also been effective. Under relatively diy conditions, 
activity may be a little slow. In these cases, a modest rate of Banvel can help, or, for some 
clover, 2,4-D will be adequate. Sweet clover is quite sensitive to 2,4-D while ladino is less so. 
Red clover can be controlled by either 2,4-D or Banvel, but a combination is often preferable. 
Mammoth red clover has responded about the same as medium red clover, and since mammoth 
seed is often less expensive, it may be worth considering for set-aside.
Pure stands of alfalfa can also be controlled effectively and economically for no-till corn 
(Table 5). However, translocated herbicides are needed for this deep-rooted legume. Usually 
about two pints of 2,4-D (3.8 lb/gal a.i.) or about a half pint of Banvel plus one or two pints of
2,4-D ester (3.8 lb/gal a.i.) in accordance with label can be effective if not treated too early. 
Activity generally increases toward bloom stage. Although Roundup is quite effective on many 
perennials, good control of alfalfa with Roundup should not be expected with spring 
treatments. Banvel is more effective than 2,4-D on some weeds such as smartweed. However, 
dandelion can be a significant problem in no-till, and 2,4-D is more effective on it than is 
Banvel. Thus, a 2,4-D-plus-Banvel combination can significantly broaden the spectrum of 
control as well as reduce cost.
NO-TILL SOYBEANS IN SOD
There is some advantage to planting com rather than soybeans in legume sod to take 
advantage of the nitrogen. However, soybeans can be successfully grown no-till after clover or 
alfalfa (Table 6). The key is to plan ahead and use 2,4-D or Banvel in the fall within label 
guidelines. Banvel should not be used in the spring because of possible injury to soybeans. The 
use of 2,4-D may be feasible if it is applied sufficiently early in the spring within label 
guidelines. Soybeans should not be planted in untreated clover or alfalfa because there are no 
selective postemergence treatments for killing clover or alfalfa in soybeans. However, if a 
little biennial sweet clover survives in soybeans, it may die naturally.
Research indicates that although no-till soybeans in grass sod is possible, it generally is not as 
feasible as some other no-till options (Table 7). Sencor or Lexone plus Gramoxone may give 
fair control of some grass species. Roundup can be effective if rates are adequate and fall 
treatments are given preference. Some postemergence grass killers for soybeans may be 
effective, but susceptibility of perennial grasses varies with the different herbicides, and the 
rates needed may be costly.
SMALL-GRAIN COVER CROPS
In preparation for no-till com or soybeans, it may be necessary to kill wheat or rye that was 
seeded to reduce erosion or to finish killing a wheat stand that has been significantly thinned
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by ice, lack of snow cover, or standing water. Wheat is generally easier to kill than rye. 
Although triazines alone may sometimes be considered for com, adding modest rates of 
Gramoxone or Roundup can be helpful (Table 8). For soybeans, Gramoxone or Roundup plus 
preemergence residual herbicides can be effective. Of the postemergence grass killers, Fusilade 
and Assure have been effective in research trials for killing wheat and have given some control 
of rye (Table 9).
Spring oats that have been seeded for set-aside and allowed to reseed to produce a dense mulch 
for late summer, fall, and winter, will be killed by winter weather. Com or soybeans can be 
no-tilled into the mulch in the spring, and preemergence and postemergence herbicides can be 
used as appropriate.
Small-grain, legume, or grass cover crops can be very advantageous for reducing soil erosion. 
They may allow earlier field operations in a wet year, but in a dry year, they may have a 
detrimental effect on com or soybeans. Thus, they should be killed in fall or early spring to 
avoid moisture depletion.
DOUBLE-CROP SOYBEANS AFTER WHEAT
In the southern portion of Illinois, planting soybeans no-till after wheat harvest in late June 
or early July has been relatively popular. Usually a bumdown herbicide, such as Gramoxone 
or Roundup plus one or more preemergence herbicides for residual control, is adequate. 
However, in some situations postemergence herbicides alone may be adequate for soybeans. If 
volunteer wheat poses a problem, a herbicide such as Assure, Fusilade or Poast can be helpful.
Occasionally sorghum may be double cropped after wheat. Again, both bumdown and residual 
activity should be considered.
RIDGE-TILL
Ridge-till, which has been successfully used by some farmers in Illinois, presents opportunities 
for banding herbicides over the row and cultivating between the rows. Although ridge till may 
not completely preclude incorporated herbicides, greater reliance is generally placed on 
surface-applied preemergence herbicides and selective postemergence treatments. Herbicide 
treatments have been quite successful for ridge-till, and many of the principles and 
considerations for other tillage systems apply for ridge-till as well.
IS CULTIVATION NECESSARY?
During the first four decades of the 1900s most farmers "check planted" com. As they planted, 
they used a wire with knots evenly spaced to trip the planter so the hills of com would be lined 
up in two directions to allow cultivation both ways. Many farmers thought they had not done 
their just duty unless they had cultivated three or four times.
There has been some controversy over the years as to the benefits of cultivation for reasons 
other than weed control. Several decades ago, before the advent of the herbicide era, studies 
were conducted in Illinois to determine if there was any benefit for cultivation other than for 
controlling weeds. Some plots were cultivated and others were simply scraped with a hoe to 
remove weeds. The general conclusion was that the main purpose of cultivation was weed 
control.
With the advent of new herbicides in the late 1950s, farmers started asking, "If I have good 
weed control from the herbicide, do I need to cultivate?" In the early 1960s we conducted a 
three-year study on seven different soils distributed over the state. Two tillage systems were 
used. All plots were moldboard plowed, but some were disked only once while others were 
disked three times. Some plots had no herbicide but were cultivated, others had herbicide 
only, while still others had both herbicide and cultivation. All plots were kept completely
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weed-free. Cultivated plots were touched up with a hand hoe. On the "herbicide only" plots, a 
hand flamer was used instead of a hoe to ensure that the soil was not disturbed.
Again, the general conclusion was that the main reason for cultivation was to control weeds. 
On soils in good tilth, there was generally no benefit for cultivation other than for weed 
control. On low-organic-matter soil that was overworked by disking and that had some 
crusting, there was a slight yield advantage for cultivation.
Today, some people question whether the data is still valid. It is true that cultural practices 
have changed. Plant populations are higher, rows narrower, and yields higher. With these 
factors we have likely increased the amount of organic matter being added to the soil and we 
have reduced tillage. Larger equipment and compaction are other considerations. However, in 
general, the majority of Illinois soils have relatively good physical condition and good tilth. 
Although more recent studies may not be as detailed, many observations still suggest that the 
main reason for cultivation is to control weeds. If herbicides are giving good weed control, you 
may not need to cultivate. But if there are still some weeds in the field, rotary hoeing, and one 
or possibly two cultivations may be appropriate.
SUMMARY
As interest in resource conservation increases, so will interest in reducing tillage to keep crop 
residue on top of the soil. With the ever-growing arsenal of herbicides, good weed control can 
generally be provided for nearly any tillage system. The key to success is careful advance 
planning with selection of those treatments most likely to give good control of weeds and 
optimum yields.
NO-TILL CORN IN SOYBEAN STUBBLE
Make early preplant applications. If weeds have not emerged, normal herbicide use rates may 
be adequate. If weeds have emerged and are small, triazines may give adequate bumdown as 
well as residual control. If annual grass weeds are over 11/2 inches or annual broadleaf weeds 
are over 4 inches, consider additional bumdown from modest rates of Roundup or Gramoxone. 
Herbicides such as Dual or Lasso can add strength for control of grass weeds. Consider 
postemergence treatments and cultivation as needed.
CONTINUOUS NO-TILL CORN
Consider early preplant, surface-applied herbicides or early planting with preemergence 
treatments. For fall panicum, Lasso, Dual, or simazine applied preemergence can help. 
Consider Bladex for early postemergence control and an approved dinitroaniline or acetanilide 
midseason to extend control. Roundup, 2,4-D, and Banvel can help if perennial weeds increase.
SOYBEANS NO-TILL AFTER CORN
Roundup, Gramoxone, 2,4-D, or a grass killer such as Poast used within label guidelines can be 
used for bumdown. Herbicides such as Preview or Canopy can give bumdown as well as 
residual control. Consider additional preemergence strength for grass control. There is a wide 
array of options for postemergence control of both broadleaf and grass weeds.
NO-TILL CORN IN LEGUME SOD
For shallow-rooted clovers, the triazines may give adequate control of clover as well as 
residual control. If control of the clover is marginal in a dry season, a postemergence 
application of Banvel or 2,4-D can help. For deep-rooted alfalfa, Banvel and 2,4-D can be 
effective when applied with a preemergence herbicide for additional residual control.
61
NO-TILL CORN IN GRASS SOD
Gramoxone plus atrazine has been effective for some grasses such as tall fescue. Atrazine alone 
can control bluegrass. With Roundup, plan on fall rather than spring treatments for better 
control. If feasible, tillage may be more effective and less expensive than some herbicide 
treatments. Consider legumes without grasses for lower-cost control.
NO-TILL SOYBEANS IN LEGUME SOD
Plan ahead for fall treatment with 2,4-D or Banvel used within label guidelines. Do not apply 
Banvel in the spring ahead of soybeans. Some labels have allowed spring use of 2,4-D for a 
specified period prior to planting soybeans. Roundup is more effective on clover than on 
alfalfa and fall treatment is generally more effective than spring treatment. Because there are 
no selective postemergence treatments for killing clover or alfalfa in soybeans, do not plant 
soybeans in clover or alfalfa without killing them first.
NO-TILL SOYBEANS IN GRASS SOD
Roundup, preferably applied in the fall, can provide control of perennial grass at relatively 
high rates. Paraquat plus a herbicide-containing metribuzin may give fair control. Some of 
the postemergence grass killers may be effective if rates are adequate. Susceptibility of 
perennial grasses to the different postemergence grass killers varies. For example, Fusilade 
can control quackgrass, while Poast is more effective on fescue. Option may control timothy, 
although it is weak on bromegrass, fescue, and orchardgrass.
CORN IN SMALL-GRAIN COVER CROP
Although early application of atrazine alone may sometimes be adequate, modest rates of 
Roundup or Gramoxone improve control. Atrazine is more effective for control of small grain 
than Bladex. Although wheat can be controlled fairly well for either com or soybeans no-till, 
rye has been easier to control with some treatments for com than with herbicides for 
soybeans. This suggests that with a rye cover crop, com may be a better choice than soybeans 
for no-till.
SOYBEANS IN SMALL-GRAIN COVER CROP
Modest rates of Gramoxone or Roundup plus preemergence treatments for residual control can 
be effective. Fusilade and Assure have been effective on wheat. Wheat is easier to kill than rye. 
Where spring oats are used on set-aside and allowed to reseed in the summer, the oats will die 
during the winter. Soybeans can be planted no-till in the oat mulch using herbicide 
treatments.
DOUBLE-CROP SOYBEANS AFTER WHEAT
Gramoxone or Roundup may be used as a bumdown treatment supplemented by a preemergence 
herbicide for residual control. Postemergence grass killers may be considered for volunteer 
wheat and some other grass problems. Several postemergence herbicides are available for 
control of broadleaf weeds. Some preemergence herbicides may also provide bumdown.
RIDGE-TILL
With the cultural practices commonly used for ridge-till, a bumdown will usually not be 
needed. Emphasis can be placed on preemergence surface applications and postemergence 
treatments complemented with cultivation. Band applications may be adequate.
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Table 1. Early Preplant Herbicide Treatments for Com Planted in 
Soybean Stubble
Herbicide
Rate 
(lb/A)
Weed Control 
(percent)
Yield
(bu/A)
Atrazine 3 94 208
Bladex 4 94 209
Atrazine + Bladex 1.5+3 96 212
Atrazine + Dual 2+2 96 206
Atrazine + Bladex + 2,4-D 2+2+0.5 95 209
Atrazine + Bladex + Banvel 2+2+0.25 25 2Q3
Mean 95 209
Table 2. Early Preplant Herbicide Treatments for Com After
Soybeans with No-till or One- or Two-pass Incorporation
Rate
Herbicide fib/A)
Atrazine 3
Bladex 4
Atrazine + Bladex 1.5+3
Atrazine + Dual 2+2
Atrazine + Lasso 2+2.5
Eradicane + Atr (1 pass) 4+2
Eradicane + Atr (2 passes) 4+2
Mean
Weed Control (percent) Yield
Giant Foxtail Velvetleaf_____ fbu/A)
100 90 175
100 100 177
100 100 183
100 92 174
100 97 183
100 97 183
100 100 177
100 98 179
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Table 3. Com with Tillage Versus Com No-till in Clover Sod
__________ Control (percent)___________  Com
Giant foxtail Pigweed Velvetleaf fbu/A
Com with tillage plus 
Lasso + atrazine and
Tandem + atrazine 
Com no-till in clover
99 100 100 170
sod with atrazine + Bladex 
plus Banvel post 90 93 97 171
Table 4. Com in Clover Sod
Herbicide
Rate 
fib/A) Foxtail
Control foercent)
Velvetleaf
Corn
(bu/A)
♦Atrazine + 
Bladex 1.5+3 97 100 153
♦Atrazine + 
Lasso 3+2.5 95 100 149
♦Atrazine + 
Dual 3+2 95 100 149
♦Atrazine + 
Prowl 3+1 100 100 149
♦Atrazine + 
Bladex + Dual 1.5+1.5+1.5 100 100 149
♦♦Atrazine + 
Bladex + Dual 1.5+1.5+1.5 87 30 144
* = No-till 
** = Plowed
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Table 5. Com in Alfalfa Sod
Herbicide
Rate 
(lb/A) Alfalfa
Control (percent)________
Foxtail Velvetleaf
Corn
(bu/A)
*2,4-D + Dual
+ atrazine 1+2+2 88 100 100 154
*2,4-D + Banvel 0.5+0.5 96 100 100 148
*Banvel + Dual pre 0.25+2
+ Banvel post 0.5 99 100 100 142
**Banvel + Dual pre 0.25+2
+ Banvel post 0.5 100 100 100 130
* = No-till 
** = Plowed
Table 6. Soybeans in Clover and Alfalfa Sod
Herbicide lb/A Alfalfa
Control (percent) 
Red
Clover Foxtail Velvetleaf
Soybeans
(bu/A)
Alfalfa Clover
Fall:
Banvel 0.5 80 100 100 100 47 53
2,4-D 1 100 100 100 100 49 56
Banvel + 2,4-D 0.5+0.5 100 100 100 100 47 52
Roundup 2 98 100 100 100 51 56
Spring:
2,4-D 1 73 83 100 100 38 52
Roundup 2 47 47 100 100 31 39
Dual plus metribuzin preemergence on all plots 2 + 0.5 lb./A.
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Table 7. Control of Established Vegetation for No-till Com
_________________________Control (percent)________________________
Rate Orchard- Tall Brome-
Herbicide (lb/A) Rve Wheat Alfalfa Clover grass Fescue grass
2,4-D +
Banvel 0.05 + 0.05 20 20 80 100 0 0 0
Roundup 1 93 97 30 80 37 53 67
Roundup 2 100 100 37 87 60 77 83
Com Yield (bu/A):
Rve and Wheat_____ Alfalfa and Clover _______ Perennial grasses
2,4-D +
Banvel 0.5+0.5 119 173 53
Roundup 1 149 161 125
Roundup 2 150 163 148
Herbicide applied April 28.
Atrazine + Bladex + Dual at 1.5 + 1.5 + 2 lb/A applied to all plots.
Table 8. Control of Wheat and Rye Cover Crop for Com
Herbicide
Rate
flb/Al
Control (Dercentl 
Wheat Rve
Atrazine 1.5 30 43
Atrazine 3.0 65 69
Bladex 2.0 18 23
Bladex 4.0 35 54
Atrazine + Bladex 2+2 65 80
Atrazine + Bladex 1.5+3 65 79
Paraquat + Atrazine 0.5+2 95 94
Paraquat + Bladex 0.5+3 86 86
Roundup + Atrazine 1.6+2 100 94
Roundup + Bladex + Atrazine 1+3+1 96 91
66
Table 9. Control of Wheat and Rye Cover Crop for Soybeans
Herbicide
Rate
flb/A) Wheat
Control foercent)
Rve
Roundup 0.50 84 50
Roundup 0.75 89 63
Roundup 1.00 99 89
Paraquat 0.25 65 70
Paraquat 0.50 83 80
Fusilade 0.25 94 53
Assure 0.10 95 60
Verdict 0.12 91 53
Poast 0.25 40 31
Option 0.15 10 10
Select 0.125 48 28
Metribuzin plus Dual applied to all plots.
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Pesticides: Lawsuits and Risk Management
M. Olexa
IMPORTANT: This paper is designed to provide accurate, current, and authoritative 
information on the subject. However, because the laws and administrative rulings that 
determine court decisions are subject to constant revision, portions of this paper could become 
outdated at any time. This paper is not intended as a substitute for legal advice or opinion on 
problems involving use or recommendations of pesticides.
Lawsuits that challenge the exercise of professional judgement continue to occur with alarming 
regularity. This trend is especially apparent within the agrichemical/environmental arena.
As a litigatively conscious and health concerned public continues to scrutinize agrichemical 
policies and practices, lawsuits can only increase. Professionals recommending or using 
pesticides and fertilizers are on the front-line of this liability crisis. Therefore, it is evident 
that individuals working within this litigious environment should become liability conscious 
if they want to minimize their exposure to lawsuits. It is a matter of business survival.
To address this and other related agrichemical issues, a special project on agricultural law 
extension education has been established at the University of Florida through the Cooperative 
Extension Service. Housed within the Institute of Food and Agricultural Sciences, the project 
is funded, in part, by the Extension Service/USDA. This effort has demonstrated the 
complexity of the entire field of law as it relates to agrichemicals. It has also revealed 
increasingly critical issues faced by pesticide users. One such issue emphasizes the need for 
agrichemical professionals to understand the legal environment in order to successfully 
operate an agrichemical-related business. As a litigious society scrutinizes environmental and 
health related issues associated with agrichemical use, it becomes increasingly evident that 
individuals who are engaged in an agrichemical enterprise must become aware of and address 
their legal vulnerabilities. This paper expands and extends education on specific pesticide- 
related areas of importance to applicators while briefly addressing this awareness through the 
concept of preventive law.
PREVENTIVE LAW
Lawsuits are won or lost long before opposing parties enter the courtroom. Many of the suits 
regarding agrichemicals could have been avoided if the crop production and protection 
professional had employed sound risk management practices grounded in a knowledge of law 
and common sense. Practically then, preventive law is defined as a combination of a working 
knowledge of law and common sense that will minimize exposure to unnecessary and costly 
lawsuits. A risk management process of identifying and evaluating agrichemical risks and 
selecting those options that best limit exposure is central to the preventive law theme. Two 
areas, handling the field complaint and conducting the field investigation, are critical initial 
steps towards applying this preventive law business approach. Proper conduct in addressing 
these areas is essential for defusing a potentially damaging lawsuit. This is an approach based 
largely on law and common sense. It is by no means complete. Because each suit turns on its 
own particular facts, successful application of the following procedures ultimately depends 
upon the reader's discretion and field experience.
Preliminary precautions. Prior to making pesticide recommendations or applying pesticides, 
make note of the environmental conditions, application procedures, and the product used. The 
product should always be used according to label instructions. It is a good idea to check if your 
client has made his own pesticide or fertilizer application prior to your services. If so, what 
was applied? Was there an over-application? What application equipment was used? Was it 
properly cleaned prior to treatment? It is not unusual for pesticide residues remaining in the 
application equipment to cause problems later. If possible, provide a copy of the pesticide label
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to the client. Have the client sign and date the copy. Keep a duplicate for your records. If he 
refuses to sign, give him the copy anyway.
With any risk management program, preparation and awareness are extremely important. If 
you provide any instructions and warnings to your client, be able to prove it. Be alert and 
aware of trouble signs in business dealings, e.g. a client who refuses to pay for services 
rendered or an overheard conversation regarding a customer who is unhappy and threatening 
to sue. Be especially careful when dealing with customers who are under financial stress or 
who have a history of filing lawsuits. Document carefully. Every piece of paper and everything 
you say is subject to review in a lawsuit. Finally, preparation begins in the office. Make your 
employees knowledgeable. This includes the phone operators. Do not limit risk management 
to field personnel. Any statements, instructions, or advice made by uninformed personnel 
under your supervision are trouble in the making. From top to bottom, educate your employees. 
Remember, fault has little to do with liability. You can be right and still be sued. The key to 
avoiding legal problems is really very basic: keep good records, do not take chances, and be a 
professional.
Handling the field complaint. Time is of the essence. If you have insurance, notify your 
insurer. Either you or the insurer should respond immediately. Many lawsuits can be defused 
successfully if the crop advisor or his insurer responds quickly. When responding, establish a 
good line of communication. You will get a lot more information with a friendly attitude. Do 
not accuse nor argue. Be a good listener! Good listeners frequently obtain information they 
would not have thought to ask for on their own. Let the client talk and volunteer information. 
Keep careful notes of the conversation. Whenever possible, the client's comments should be 
recorded, dated, and signed by the client. Provide the client with a copy. If he refuses to sign, 
give him the unsigned copy. Inform the client that you will study the situation and get back to 
him or her as quickly as possible. In all circumstances, make no admissions. You have to 
study the situation carefully before any evaluations are made. If not, your comments could 
come back to haunt you. If a lawsuit does occur, all conversations are subject to review. In 
summary, your initial contact should be focused on maintaining good relations, being a good 
listener, keeping good notes, and making no admissions.
Conducting the field investigation. This section lists some procedures and questions that an 
attorney might utilize in investigating a client's complaint. It is not complete, but it provides 
the agricultural professional with some insights into managing risks within his own 
operation. Because lawsuits may take months, even years, to reach the courts, your follow-up 
must be thorough and well documented. Remember, all notes and photographs must stand on 
their own. Constantly ask yourself: 'Will these pictures and notes be fully understood in 
several months or years?" When photographing the client's operation, record the date, time of 
day, and specific location. Photograph and label everything! Color slides are preferred. Take 
samples. If the customer refused to allow this, make a note of this. Follow-up examinations 
are essential because the situation may improve. Take nothing for granted. As in handling the 
field complaint, keep your insurer and client informed and make note of these contacts.
Suits for the misuse of agrichemicals are generally limited to breach of warranty, nuisance, 
trespass, strict liability, and negligence. Because negligence is one of the most common and 
least understood actions, it is stressed here.
NEGLIGENCE
What do we mean by negligence? The courts define negligence within a "reasonable person" 
context. Basically, negligence is doing or not doing something that a reasonable person would 
do or not do. In short, it is putting yourself in the other person's shoes in following the 
standard practices of an individual within your industry. Generally, diverging from industry 
or common sense practices that results in any act or omission that creates an unreasonable 
risk of harm to another may constitute negligence.
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Specific elements of negligence. A court of law may find you negligent only if the elements of 
duty, breach of duty, causation and injury, and damage are present.
As with most situations involving pesticides, a legal duty of care is present when it is 
foreseeable that a risk of harm to the client exists. If a duty of care does exist, you breach this 
duty by acting unreasonably in light of the foreseeable risk. Professionals have also been 
found negligent in cases where standard industry practices were not followed and in cases 
where the expected favorable results did not occur. To avoid suits alleging negligence in cases 
where the procedures used are in question, you should follow only those procedures that are 
professionally acceptable.
When making representations about expertise, a bad result may give rise to a lawsuit. You 
should, therefore, be careful about making promises that are impossible to keep or claiming 
knowledge where none exists. If you hold yourself out to the public as an expert and something 
goes wrong, you will be judged by those standards.
In recovering damages for negligence, your client has to have suffered actual injury to himself 
or property as a result of your breach. This causation does not have to be direct. Your breach 
may be the indirect cause of the injury as long as the chain of causation is not so attenuated 
that it is unforeseeable that an injury would result. This principle of liability is known as 
proximate cause. Just how far the dominoes have to fall to insulate you from liability for the 
injury or damage is a question for a jury. Arguably, if you run a responsible and clean 
operation, it certainly will have an impact on the jury's decision.
CONCLUSION
In view of the enormous cost of litigation and the magnitude of potential damages in 
agrichemical suits, a preventive law approach is not only important, but essential for limiting 
your liability. The above condensed topics have, in part, addressed such a risk management 
approach by Introducing a preventive law concept in dealing with emerging agrichemical 
liability trends. This concept can eliminate many unnecessary and costly lawsuits by 
providing a basic understanding of the law in addition to a good common sense approach to 
agrichemical management. In the end, incorporating a preventive law approach within your 
operation makes good business sense.
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An Assessment of Insecticide Rotations For 
Long-Term Management of Corn Rootworm
Feeding Damage
A. Felsot
INTRODUCTION
With only a few reliable com rootworm insecticides available in the marketplace, the 
pressure for a farmer to use the same product year after year has increased over the last 
five years. The enhanced biodegradation of the methyl carbamate insecticides 
carbofuran (Furadan) and trimethacarb (Broot) (Felsot et al. 1981, 1982; Dzantor and 
Felsot 1989; Harris et al. 1984) and the organophosphinothioate insecticide isofenphos 
(Amaze) (Abou-Assaf et al. 1986; Chapman et al. 1986a; Racke and Coats 1987) is well 
known and has been linked to crop protection failures (Harris et al. 1988a; Felsot 1989). 
Enhanced biodegradation of the organophosphoms soil insecticides fonfofos, terbufos, 
and chlorpyrifos has been suggested in several reports (Harris et al. 1988b; Racke and 
Coats 1988; Felsot 1989), but few definitive data have been generated to determine the 
susceptibility of these compounds to microbial adaptations. Assuming that chemical 
control of com rootworm feeding damage will remain the predominant management 
strategy in continuous com fields over the next decade, it is important to develop best 
management practices for the long-term use of the registered soil insecticides.
Part of the long-term management strategy would be avoidance of the development of 
enhanced biodegradation, because this phenomenon can significantly affect insecticide 
efficacy. The techniques available and proposed for coping with the adverse effects of 
enhanced biodegradation can be classified as either operational or technological (Felsot 
1989). One operational technique, rotation of chemicals of different chemistry, has 
been suggested for allaying the development of insect resistance (Georghiou 1980), but its 
utility for delaying the development of enhanced biodegradation of insecticides has not 
been tested. Enhanced biodegradation of the herbicide EPTC, however, has been 
successfully circumvented by rotation with alachlor and/or by its use in alternate years 
only. Because several million acres of com will continue to be treated with soil 
insecticides in the near future, we evaluated the potential for annual insecticide 
rotations to allay the development of enhanced biodegradation.
METHODS
During 1985-1988, experiments were conducted at the Northwest Illinois Agricultural 
Research and Development Center near Monmouth, Illinois. A single 2-acre field was 
used during the four years of research. The soil is a Muscatine silt loam, and the slope 
is <2%. The cropping history prior to 1985 was: soybeans, 1980-82; wheat, 1983; com, 
1984. No soil insecticide had been used for at least three years prior to 1985. Lorsban 
4E was used for adult com rootworm control during 1984.
The entire field, which measured 345 ft (106 m) along the north-south axis and 250 ft 
(77 m) along the east-west axis, was divided into four replicate blocks (Figure 1). Within 
each block, 22 insecticide and check treatments were randomly assigned (Table 1). Each 
treatment consisted of four rows of com and was 65 ft (20 m) long. Blocks were 
separated from one another by 10 ft (3.1 m) (4 com rows) along the east-west axis, and a 
20-ft (6.2-m) buffer zone separated each treatment row along the north-south axis 
(Figure 1). The plot was chisel-plowed during the fall and field-cultivated in the spring. 
All tillage operations were conducted along the north-south axis to avoid soil
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contamination of adjacent treatment rows. Lasso herbicide was applied preemergence 
at a rate of 2.5 lb ai/acre (2.8 kg/ha). Atrazine was added for additional weed control in 
1988 and 1989.
Com was planted with a John Deere MaxiEmerge planter, and the insecticides were 
applied ahead of the firming wheels in an 18-cm band over the furrow and incorporated 
with spring tines. No insecticides were applied to the buffer zones. The insecticides 
evaluated were Counter 15G, Dyfonate 20G, and Furadan 15G, and all were applied at the 
rate of 1 lb a.i./acre (1.12 kg/ha) based on a 40-in row spacing. The sequence of multi­
year and rotational treatments is shown in Table 1. By 1988, the following histories 
had been established: (1) two, three, and four years of continuous use of a product; (2) 
first year use of a product on previously untreated plots; and (3) all combinations of two 
chemicals rotated over a four-year period. During each year of the study, untreated 
plots served as controls for evaluation of root-feeding damage.
Root damage ratings (Hills and Peters 1971) were assigned in July, and yields were 
determined by machine-harvesting in October. During 1987 and 1988, soil samples 
were collected for the purpose of conducting biological and chemical assays.
Immediately following application and approximately 1.5 months later, four soil cores 
(5-cm diam. x 10-cm depth) were randomly collected from either the second or third row 
of each treatment replicate (n=88 samples/day). The cores taken from an individual 
treatment were bulked together and sieved through a 3-mm screen. Two 25-g aliquots 
from each plot were weighed into 125-ml plastic cups and frozen until they were 
bioassayed. The remainder of the soil was frozen until it was extracted for 
quantitative analysis of pesticide residues by gas-liquid chromatography.
In order to assess biological activity of the insecticide remaining in the soil, second 
instar southern com rootworm larvae, (D. undecimounctata howardi). were placed in 
the soil cups along with a com seedling for 48 hours, and percentage mortality was 
assessed using a modified Berlese funnel technique (Sutter 1982; Felsot and Lew 1989). 
The concentrations of insecticide residues were determined by using previously 
published procedures (Felsot et al. 1987; Dzantor and Felsot 1989).
Data were grouped by insecticide treatment during 1987 and 1988 and analyzed by the 
SAS General Linear Model Prodecure (SAS Institute 1982). If the analyis of variance 
was significant (p < 0.05), the mean root ratings or insecticide concentrations were 
separated by Duncan’s multiple range test at p < 0.1 (SAS Institute 1982).
RESULTS
During 1987 and 1988, chemical assays of soils conducted approximately 1.5 months 
after insecticide application were used as a benchmark for determining if multi-year 
use of an insecticide resulted in enhanced biodegradation. This time period should have 
coincided with active feeding by com rootworm larvae, and, therefore, residue values 
should be at least as high as previously published concentration-response estimates 
(Sutter 1982, Felsot and Lew 1989). Laboratory bioassays, root damage ratings, and 
yields were used to assess the effect of multi-year treatments and chemical rotations on 
insecticide efficacy.
Concentrations of Counter and toxic metabolites recovered during 1987 and 1988 did 
not differ significantly among any insecticide history (Tables 2 and 3). Percentage 
mortality of southern com rootworm larvae did not differ among treatments, but the 
percentage mortality in all treatments was noticeably lower during 1987 than during 
1988, even though the soils were about 40% drier in 1988 than in 1987. This 
discrepancy can be attributed to the much lower concentrations of parent Counter 
recovered. Parent Counter is more toxic than its metabolites (Chapman and Harris 
1980, Felsot 1985). Root damage ratings were below the economic threshold of 3.0 in all
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treatments, and yields did not differ significantly from one another nor from the yield 
of the untreated check.
During 1987, the highest concentrations of Dyfonate were recovered from the first year 
(UUD) and rotational treatments (DFD, DCD, DUD), and the lowest concentrations were 
recovered from the three-year treatment (DDD) (p < 0.055, Table 2). These data suggested 
the development of enhanced biodegradation. The trend in residue recovery was more 
definitive of enhanced biodegradation during 1988 when by 42 days after application, 
nearly 3 to 5 times more Dyfonate was recovered from first-year (UUUD) and rotational 
(CDCD, FDFD) treatments than from multi-year (DDDD, UDDD, UUDD) treatments (p <
0.001, Table 3). The pattern in percentage mortality during 1987 did not reflect the 
occurrence of enhanced biodegradation (p < 0.478); but in 1988, mortality was lower in 
multi-year treatments than in first-year or rotational treatments (p < 0.077). The 
numerical trend in root damage ratings during 1988 reflected the evidence for enhanced 
biodegradation that was observed in the chemical and biological assays. Yields did not 
differ significantly among Dyfonate treatments nor from the untreated check.
In all treatments during 1987, nearly 90% of the applied Furadan degraded within 45 
days. The three-year Furadan treatment (FFF) had the lowest concentration of residues, 
the lowest percentage mortality, and the highest root damage ratings (Table 2). These 
data provide only weak evidence for enhanced biodegradation, however, because the 
concentration of insecticide recovered in the two-year Furadan treatments (UFF, FUF) 
did not differ significantly from the first-year treatment (UUF) nor from the rotational 
treatments (FCF, FDF). During 1988, the concentration of residue recovered did not 
differ significantly among any treatment (Table 3), which may reflect the influence of 
the very dry soils during the drought. The bioassays in 1988 showed a significant 
difference between four-year and first-year treatments, although the concentration of 
insecticide residues did not differ. Interestingly, root damage ratings also reflected the 
trend of the bioassays (Table 2). Neither percentage mortality nor root damage ratings 
for the rotational treatments (CFCF, DFDF) differed significantly from those for the 
multi-year treatments. As previously observed for Counter and Dyfonate, yields did not 
differ significantly among treatments.
DISCUSSION
Of the three insecticides studied, enhanced biodegradation has been definitively 
associated with repeated applications of Furadan (Felsot 1989). Enhanced 
biodegradation of Dyfonate and Counter has been suggested by some studies (Racke and 
Coats 1988; Harris et al. 1988b; Homg and Kaufman 1987) but not definitively proven, 
especially in field studies. In our studies, the chemical assay data from 1987 only 
weakly suggested that enhanced biodegradation of Furadan had developed, but the data 
from 1988 indicated that the biodegradation rate was not affected by multi-year 
Furadan treatments. Because a severe drought occurred in 1988, a lack of soil moisture 
may have slowed the rate of Furadan degradation. Chapman et al. (1986b) and Harris et 
al. (1988a) noted that the degradation of Furadan in soil exhibiting enhanced 
biodegradation was very slow when moisture content was low.
In contrast to the chemical assay data, root damage ratings and bioassays of soils from 
Furadan-treated plots strongly suggested enhanced biodegradation. Regardless of 
whether enhanced biodegradation of Furadan had really developed, rotation of Furadan 
with Counter or Dyfonate did not significantly improve root damage ratings. On the 
other hand, Dyfonate persistence was significantly shortened by multi-year treatments 
during 1987 and 1988, but rotation with either Counter or Furadan seemed to augment 
recovery of the concentration of insecticide residues and the level of root protection. 
During 1988, the concentration of Dyfonate recovered from rotational treatments was, 
however, still significantly lower than from the first-year treatment.
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In summary, multi-year treatments of the same product did not affect the 
biodegradation of Counter but definitely enhanced the biodegradation of Dyfonate. The 
effect of multi-year Furadan treatments on biodegradation was inconclusive. Chemical 
rotations reduced the impact of enhanced biodegradation of Dyfonate but had no effect 
on Furadan efficacy. Because com rootworm populations were moderate during the four 
years of this study, yields were unaffected by any insecticide treatments. As a long-term 
insecticide management strategy, the data suggest that insecticide rotations may be 
advantageous for reducing, but not necessarily eliminating, the impacts of enhanced 
biodegradation, but the rotations do not have to be strictly between classes (i.e., 
organophosphate to carbamate and vice versa).
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Table 1. Insecticide Treatments and Coding /.
_____________________ Insecticide history
Insecticide 1985
Year
1986 1987 1988
Counter C CC ccc CCCC
uc ucc UCCC
FC uuc UUCC
DC CFC uuuc
DCD FCFC
cue DCDC
Dyfonate D DD DDD DDDD
UD UDD UDDD
FD UUD UUDD
CD DCD UUUD
DFD CDCD
DUD FDFD
Furadan F FF FFF FFFF
UF UFF UFFF
CF UUF UUFF
DF FCF UUUF
FDF CFCF
FUF DFDF
Untreated U UU UUU UUUU
cu CUCU
DU DUDU
_________ ELI_________ FUFU
1/ Letters for each code represent insecticide treatment histories. 
C= Counter, D = Dyfonate, F = Furadan, and U = Untreated.
Explanation of footnote:
The last letter represents the insecticide applied during the year that heads the column. The 
preceding letter(s) represent(s) the insecticide(s) applied in the preceding year(s).
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Table 2. Effect on First-year Use, Multi-year use and Rotations on 
Efficacy and Persistence of Soil Insecticides During 1987 at 
Monmouth, IL
Treatment Yield
fbul
Root
ratine
45 davs after aDDlication
Percent Concentration
1/
mortality (Doml
U 131.8 4.21 18.1 0.000
cc c 137.1 2.65 76.3 1.552
u cc 148.0 2.70 86.3 1.581
uuc 134.0 2.20 70.0 1.767
CFC 136.4 2.60 87.5 1.766
CDC 134.0 2.35 81.3 2.194
cu e 139.0 2.25 70.0 1.948
P< 0.665 0.298 0.925 0.813
DDD 131.4 3.05 100.0 1.478
UDD 149.5 2.70 96.3 1.831
UUD 138.0 2.28 100.0 2.504
DCD 137.6 2.80 100.0 2.924
DFD 144.6 2.10 100.0 2.955
DUD 136.7 2.15 88.8 2.525
P< 0.257 0.037 0.478 0.055
FFF 139.6 2.45 77.5 0.244 b
UFF 137.1 2.15 93.8 0.383 ab
UUF 147.4 1.90 100.0 0.388 ab
FCF 130.1 1.90 98.8 0.308 b
FDF 141.4 2.35 98.8 0.304 b
FUF 128.5 2.25 97.5 0.520 a
P < 0.359 0.098 0.142 0.043
Means followed by the same letter are not significantly different according to 
Duncan’s Multiple Range Test (p < 0.1).
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Table 3. Effect on First-year Use, Multi-year use and Rotations on
Efficacy and Persistence of Soil Insecticides During 1988 at 
Monmouth, IL
45 davs after application
Treatment Yield Root Percent Concentration 
________ (ppm)fbu) ratine mortality
U 10.0 4.26 21.0 0.000
c c c c 13.0 2.70 100.0 1.794
u ccc 15.0 2.70 100.0 3.693
uucc 9.0 2.55 97.5 1.936
uuuc 5.9 2.70 95.0 1.681
FCFC 9.2 2.70 100.0 3.288
DCDC 14.9 2.50 97.0 1.755
P < 0.945 0.514
DDDD 9.8 3.60 a 80.0 0.797 a
UDDD 5.8 3.33 ab 91.3 0.254 a
UUDD 11.4 3.30 ab 90.0 0.664 a
UUUD 5.4 2.80 ab 99.0 3.578 b
CDCD 12.3 2.65 b 100.0 2.004 c
FDFD 11.6 2.85 ab 100.0 2.238 c
P< 0.469 0.015 0.077 0.001
FFFF 12.4 3.90 a 37.5 b 2.028
UFFF 7.7 4.20 a 60.0 ab 3.120
UUFF 12.6 4.15 a 36.3 b 1.320
UUUF 11.9 2.70 b 97.5 a 1.849
CFCF 12.2 3.60 ab 72.5 ab 2.588
DFDF 13.1 3.85 a 56.3 ab 4.535
P< 0.890 0.002 0.011 0.408
Means followed by the same letter are not significantly different according to 
Duncan's Multiple Range Test (p < 0.1).
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Effect of Combinations, Application Methods, 
and Tillage on Herbicide Persistence
B. Curran
The length of time that a herbicide persists in soil is dependent upon a number of Important 
factors. At the rates at which commonly used herbicides are applied, climatic conditions and 
soil type are probably the two most important variables affecting how long a herbicide 
remains active in soil. Most producers have no control over climatic conditions such as 
drought or the type of soil on their farms, so any attempt to manage herbicide residues will be 
independent of these variables. There are however, several variables a producer can 
manipulate that affect not only how long a herbicide persists, but also how a rotational crop 
responds to any remaining herbicide residue. These variables include the type of herbicide or 
combination of herbicides that are used, how the pesticide is applied, and what type of tillage 
is performed subsequent to herbicide application.
The easiest method to prevent herbicide carryover is to use a herbicide that does not persist. A 
simple way to determine how long a product will remain "active" in the soil is to look at a 
current product registration label. Follow crop information will be provided either in a special 
follow crop section or at the end of the label under restrictions and limitations. If the follow 
crop time period is close to or beyond the time period when the rotational crop is normally 
planted (e.g. 10 to 12 months or more for com following soybeans), this generally indicates 
that herbicide residues may be a concern for that particular crop.
Combinations. With today's tank-mix and premix weed control philosophy, veiy few herbicide 
treatments consist of single active Ingredients. At least two different active Ingredients are 
often used (e.g. Lariat = alachlor plus atrazine). Some herbicide combinations may reduce the 
risk of carryover problems if application rates of each product are reduced. However, this may 
not be true if the tank-mix or premix contains two or more herbicides that are persistent, rates 
are not appreciably reduced, and a susceptible crop is grown in rotation. In such a case, we 
might expect a greater likelihood of carryover crop injury. How the individual active 
ingredients actually interact with one another and affect their persistence or the response of 
the rotational crop is not well understood.
In a study conducted at the University of Illinois Agronomy Research Center at Champaign- 
Urbana we examined the effect of several soybean herbicides on the response of com the next 
year. The herbicides were applied at two to three times the normal rates when used alone. The 
herbicides were also applied in combination with each other to evaluate their potential 
carryover injury on com. The degree of com injury was greater than anticipated because of 
decreased degradation rates due to the unusually dry summer the year of herbicide application. 
In most instances, injury levels were greater when two herbicides were combined in 
comparison to when either herbicide component was used alone (Table 1). These data suggest 
that considerable caution should be used when selecting two or more herbicides, each with 
carryover potential.
SURFACE VS. INCORPORATION
The method of herbicide application can affect not only the amount of residue present in the 
soil, but also how quickly it dissipates. In general, if herbicides have the potential to persist 
longer than desired, those applied preplant incorporated (PPI) will more likely remain longer 
than those surface applied without incorporation (PRE). Incorporating the herbicide reduces 
the potential loss through volatilization and photodecomposition. These dissipation routes 
will only be significant if 1) the herbicide is somewhat volatile and/or prone to photolytic 
breakdown and 2) little or no rainfall occurs for a certain time period following application.
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When significant rainfall moves the herbicide beneath the soil surface it is no longer 
susceptible to these pathways of degradation.
In our research, no difference was observed in the rate of Scepter or Command dissipation 
between preemergence surface-applied and preplant incorporated treatments In a year when 
rainfall was timely and abundant. However, in 1988, when spring and summer rainfall was 
scarce, incorporation resulted in 39 percent more Command and 38 percent more Scepter 
remaining four months following application. Command is prone to vapor loss, and Scepter 
appears to be somewhat susceptible to photodecomposition.
The method of incorporation can influence the distribution of the herbicide. Especially with 
some of the newer herbicides, uniform distribution appears to be quite important to avoid 
localized areas of high concentration. Where carryover problems occur, field patterns often 
suggest lack of uniform distribution.
TIME OF APPLCATION
Application timing can influence herbicide persistence. Early applications such as early 
preplant treatments allow added time for herbicide mobilization and breakdown thereby 
reducing the risk of carryover.
Late applications such as for double crop soybeans have less time to break down and have 
greater potential for carryover. However, postemergence treatments applied in early summer 
may be less likely to injure rotational crops. Unlike soil applications, post treatments are 
intercepted by both crop and weeds and thus less herbicide contacts the soil. In addition, a 
portion of the herbicide hitting the plant leaves may be inactivated by the plant as well as be 
prone to other dissipation routes (volatilization and photodecomposition).
EFFECT OF TILLAGE
Tillage following application may affect how long a herbicide persists as well as how a follow 
crop responds to remaining residues. In theory, tillage may encourage herbicide decomposition 
by increasing microbial and chemical breakdown activity through increased soil aeration and 
from the addition of organic residues which serve as food sources for microorganisms.
However, under dry soil conditions, this effect of tillage may be minimal.
Tillage can also displace or dilute the herbicide and affect the amount of herbicide residue that 
contacts newly developing plant roots. The effectiveness of various tillage tools for mixing and 
more uniformly distributing the herbicide in the soil differs. Also the chemical characteristics 
of the herbicide and the amount of residue remaining can influence the effect of tillage.
Past studies often compared the effectiveness of moldboard plowing and no-till to dilute 
herbicides such as atrazine. In general, the moldboard plow seems to reduce the amount of 
carryover injury in comparison to no-till. University of Illinois research has also shown 
reduced carryover effects from moldboard plowing compared to chisel plow, disk, and no-till in 
a simulated carryover study with some soybean herbicides (Table 2.). However, on fields where 
erosion is a significant concern, moldboard plowing may not be a good option.
When comparing chisel plowing versus no-till, any advantage becomes less clear. Our research 
suggests that for herbicides like Scepter and Treflan, no-till may be better than chisel plow, but 
for herbicides such as Command, chisel plowing may be more advantageous than no-till.
Follow crop injury seems to depend not only on the concentration of herbicide residue present, 
but also may depend on the chemical characteristics of the herbicide (e.g. water solubility, 
vapor pressure, etc.). Unfortunately, the interaction between herbicide chemistry and the effect 
of tillage on herbicide displacement Is poorly understood.
By properly selecting herbicides and rates, making accurate applications, incorporating 
uniformly, and carefully examining herbicide labels for follow crop information, growers can
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avoid carryover crop injury. When unusual climatic conditions such as drought arise, altering 
tillage practices may be useful. In conclusion, management practices can clearly affect the 
degree of herbicide carryover.
Table 1. Effect of herbicide combinations on com grown in rotation. (Herbicides applied at 2 
to 3 X rates).
rate 
(lb/A)
alone +Treflan 
(2.01b/A)
1
(percent crop injury)
+Command 
(2.01b/A)
Command 2.0 32 31
Treflan 2.0 6 - 31
Scepter 0.25 22 30 40
Pursuit 0.188 4 16 37
Preview 1.33 4 4 36
1 Com was evaluated at the 3 to 4 leaf stage of growth
Table 2. Effect of tillage on carryover injury to com or sorghum. 
(Herbicides applied in the fall before spring planting.)
Herbicide Rate 
(lb/A)
No-till Moldboard 
(percent crop inluryj1
Chisel Disk
Command 0.75 11 4 10 10
Scepter 0.125 39 6 44 47
Treflan2 2.0 47 2 61 72
1 Com and sorghum were evaluated at the 3 to 4 leaf stage of growth.
2 Grain sorghum response, others are for field com.
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Effect of Rate, pH, and Tillage on Chlorimuron
Persistence
D. Baird and E. Knake
Chlorimuron ethyl, a sulfonylurea compound, is used separately or in combination with other 
compounds to provide broadleaf weed control in soybeans. Chlorimuron ethyl in combination 
with metribuzin (Preview, Canopy) or linuron (Lorox Plus, Gemini) is soil applied as a 
preemergence application. Chlorimuron ethyl (Classic) separately is used only as a 
postemergence herbicide. Due to the persistence of some of the sulfonylurea compounds there 
is concern from soybean producers about potential carryover from chlorimuron ethyl during 
the following crop year. This is a legitimate concern because com, which is sensitive to 
chlorimuron ethyl, is the major crop choice following soybeans.
Chlorimuron ethyl, a weak acid, is about as acidic as vinegar. In water at a pH of 4.2, half of 
the compound will exist in the neutral form and half in the ionized form. However, as the 
solution pH is increased, more of the chlorimuron ethyl molecules exist in the ionized form. 
The major methods of chlorimuron ethyl degradation in soil are from chemical hydrolysis 
and microbial breakdown. Previous research shows that the neutral form of the chlorimuron 
ethyl molecule is hydrolyzed more rapidly than the ionized form. Therefore, as the pH of the 
environment increases, as is the case in alkaline soils, the chemical hydrolysis rate decreases. 
In summary, there is a higher potential for chlorimuron ethyl persistence on alkaline soils .
CHLORIMURON ETHYL STUDY
The objective of our field experiment was to evaluate the potential for chlorimuron ethyl 
herbicide applied preemergence to soybeans to persist and injure com in subsequent years. 
Herbicide rates, tillage prior to planting com, and soil pH levels were varied to evaluate their 
effect on potential chlorimuron ethyl persistence.
For corn after soybeans, three tillage systems were compared: 1) no-till com into soybean 
stubble, 2) large disk followed by a smaller tandem disk and harrow on soybean stubble and 3) 
chisel followed by a tandem disk and harrow on soybean stubble. Main tillage plots were 
replicated three times and had subplots of three soil pH levels adjusted to 5.5, 6.5 and 7.5 
respectively. The plots were further divided for four rates of chlorimuron ethyl applied 
immediately after planting soybeans the previous year. Rates used were 0, 0.5, 1.0, and 1.5 oz
a.i./A. A rate of 0.5 oz a.i./A of soil applied chlorimuron ethyl would correspond to a normal 
use rate of chlorimuron ethyl in Preview or Lorox Plus for medium textured soil having 3% to 
5% organic matter. Therefore, the rates correspond to 0, IX, 2X and 3X of normal use rates.
Com following soybeans was evaluated in 1987 and 1988 for plant emergence, height, stem 
diameter, tassel emergence, silk emergence and yield. Second year com was evaluated only in 
1988 (following 1986 chlorimuron ethyl application) for plant growth and yield.
FIRST YEAR CORN EVALUATION
Tillage, pH, or herbicide rate had no significant effect on com plant population. Com height 
was decreased in all tillage systems, except 1987 no-till, at the 2X and 3X herbicide rates 
especially at the 7.5 pH. Stem diameter was smaller only as herbicide rate increased at the 7.5 
pH. Tassel emergence was delayed in all tillage systems at the 2X and 3X rate in 1988 
especially at the 7.5 pH. Silk emergence was consistently delayed in 1987 in all tillage systems 
at the 2X and 3X rate at the 6.5 and 7.5 pH. There was little effect on com yield from 
chlorimuron ethyl rates or soil pH except at the 3X rate and the 7.5 pH.
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The probability of chlorimuron ethyl persisting and affecting com growth and yield is 
significantly higher when excess rates are applied on 7.5 soil pH especially with the chisel 
tillage system. Excess rates applied on 5.5 and 6.5 soil pH did not consistently reduce com 
growth.
SECOND YEAR CORN EVALUATION
Tillage, pH and chlorimuron ethyl rate had no effect on com height, stem diameter or 
plant population. However, tassel emergence was delayed in all tillage systems at 7.5 pH 
and the 3X rate. Yield was slightly reduced only in the chisel system at 7.5 pH and the 3X 
rate.
SUMMARY
The results of this study help to reconfirm the importance of uniform and accurate 
applications at the correct rates when using soil-applied herbicides such as Previews and 
Canopy which contain chlorimuron ethyl. The results also reconfirm the importance of 
the label guidelines indicating that they should not be used on high ph soils.
Effect of pH, tillage, and chlorimuron ethyl residual on 1st year com yield. (Elwood 1987)
Com bu/A 1987
Tillage EH oz/A Chlorimuron ethvl 1986
Q 0J2 LQ 1.5 Mean
No-till 5.5 127 162 153 156 149
6.5 135 160 150 159 151
7.5 133 156 151 151 148
Mean 132 159 151 155 149
Disk 5.5 149 152 147 156 151
6.5 156 157 153 157 156
7.5 154 150 138 139 145
Mean 153 153 146 150 151
Chisel 5.5 158 160 159 157 158
6.5 161 164 164 151 160
7.5 161 152 156 140 152
Mean 160 159 160 149 157
Mean 148 157 152 152 152
85
Effect of pH, tillage, and chlorimuron ethyl residual on 1st year corn yield. (Elwood 1988)
Com bu/A 1988
Tillage pH oz/A Chlorimuron ethyl 1987
Q 0.5 LQ. Mean
No-till 5.5 40.2 53.6 44.9 46.2 46.2
6.5 56.7 60.7 57.0 54.2 57.2
7.5 46.1 48.3 50.6 41.1 46.5
Mean 47.7 54.2 50.8 47.2 50.0
Disk 5.5 62.2 65.0 63.7 62.1 63.2
6.5 59.4 56.9 68.7 68.8 63.5
7.5 52.7 61.7 54.1 61.4 57.5
Mean 58.1 61.2 62.1 64.1 61.4
Chisel 5.5 52.5 54.9 55.6 52.9 54.0
6.5 46.8 49.5 60.4 53.9 52.6
7.5 58.0 49.7 51.8 45.4 51.2
Mean 52.4 51.4 55.9 50.7 52.6
Mean 52.7 55.6 56.3 54.0 54.7
Effect of chlorimuron ethyl on soybean yield. (Elwood 1987) 
pH Chlorimuron ethvl oz/A
0 0.5 1.0 1.5 Mean
5.5 45.9 48.7 47.6 46.7 47.2
6.5 48.1 48.3 47.4 48.4 48.1
7.5 46.8 46.3 46.6 48.5 47.1
Mean 46.9 47.8 47.2 47.9 47.5
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Effect of pH, tillage, and Chlorimuron ethyl residual on 2nd year com yield. (Elwood 1988)
Com bu/A 1988
Tillage PS oz/A Chlorimuron ethvl 1986
Q LQ. JL§ Mean
No-till 5.5 43.8 33.5 25.6 35.8 34.6
6.5 28.3 31.5 19.1 28.3 26.8
7.5 21.8 18.9 14.4 16.5 17.9
Mean 31.3 27.9 19.7 26.9 26.4
Disk 5.5 36.3 34.6 42.4 42.4 38.9
6.5 22.1 32.4 34.5 34.1 30.7
7.5 25.4 21.2 25.5 35.0 26.8
Mean 27.9 29.4 34.1 37.1 32.1
Chisel 5.5 22.5 21.8 23.5 26.3 23.5
6.5 36.1 33.9 42.9 28.7 35.4
7.5 25.3 21.3 26.3 15.6 22.1
Mean 28.0 25.7 30.9 23.5 27.0
Mean 29.1 27.7 28.2 29.2 28.5
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Weed Control: Look Back and Look Ahead
M. McGlamery
LOOKING BACK AT 1989
The year 1989 was an interesting one in weed control. Several new herbicides and premixes 
were introduced. There was more herbicide injury to com and soybeans than was expected. 
Herbicides introduced for soybeans were Pursuit, Pursuit Plus and Pinnacle (DPX-M6313), 
formerly Harmony. New formulated mixes were Freedom and Cannon (Lasso plus Treflan). 
Canopy was brought back to Illinois in 1989 to compete with Scepter.
Pursuit Plus (Pursuit plus Prowl) was sold in place of Squadron (Scepter plus Prowl) where 
preplant incorporation is a major factor and the scare of Scepter carryover was great. It 
performed well if incorporation was uniform. Pursuit applied postemergence provided some 
grass as well as broadleaf control. Will this control be consistent?
Pinnacle is the best soybean herbicide for postemergence control of lambsquarters. It also 
controls smartweed, pigweed and velvetleaf. A tank-mix with Classic is registered to improve 
control of cocklebur and sunflower. Do not use cron oil concentrate with Pinnacle.
Cannon and Freedom (alachlor + trifluralin) are "decomed" Lasso, priced to be competitive 
with Prowl, Sonalan, and Treflan. Trifluralin mandates incorporation and prevents use on 
com.
Canopy returned as chlorimuron carryover became less of a concern. It is a 6:1 ratio of 
metribuzin:chlorimuron compared to the 10:1 ratio in Preview. Canopy is priced competitively 
with Scepter in southern Illinois.
Bullet, introduced for com in 1989, is encapsulated Lariat (alachlor plus atrazine). It carries 
labeling for use in com but not in grain sorghum.
Extrazine II (3:1 cyanazine:atrazine) was promoted for com. The 2:1 ratio (old Extrazine) was 
discontinued. The 3:1 ratio is less likely to cause "brown beans" (atrazine carryover) but is 
more likely to cause "brown com" (cyanazine injury).
HERBICIDE INJURY TO CORN IN 1989
Early in the 1989 cropping season, Scepter carryover to com was the major concern. However, 
com did not get off to a very good start as the season started off cold and wet.
"Leaf-out underground" plus onion-leafing was soon evident in com. Lasso or Dual used 
preemergence or shallowly incorporated was the major cause. Some hybrids were injured more 
than others, particularly those with low vigor or emergence scores. This may push the 
introduction of safeners for acetanilide herbicides.
"Stubby Root" from preemergence use of Marksman occurred in 1989. This is to be expected 
during a cool wet spring as it happened previously with Banvel (dicamba). The dicamba in 
Marksman is a different salt, but it is still dicamba. Marksman is probably best utilized as an 
early postemergence herbicide.
"Rootless Corn" was observed in several counties in 1989. This was sometimes associated with 
Marksman use and ridge tillage. Rootless com is also caused when the crown node of com is 
set above ground because of soil erosion (wind or water) and/or shallow planting, making 
secondary root establishment difficult.
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"White Corn" from Command or Commence carryover was more severe in 1989 than in 
previous years. There were some cases of reduced stands of com. This will push the possibility 
of the Advantage (napthalic anhydride) seed treatment as a safener.
"Bottlebrush Root" from Scepter carryover occurred again in 1989 as was expected due to the 
drought of 1988. Scepter carryover is indicated by poor root system (bottlebrush root) and 
stunted com. This primarily occurred on the darker soils of nothem Illinois and where 1988 
rainfall was limited. Scepter carryover is also more likely in soils with pH below 5.6. Pursuit 
will replace Scepter on the darker soils of Illinois.
"Bottlebrush Root" from Preview (chlorimuron) carryover also occurred as was indicated by the 
same symptoms as Scepter carryover. This was primarily on soils with pH greater than 6.8, but 
there are localized areas of high pH in many fields.
"Purple Corn" was seen in 1989, but Treflan/Prowl (DNA) carryover was less than was 
anticipated. DNA rates have been reduced to minimize carryover problems (purple com 
syndrome).
"Leaning Com" was also evident in 1989. 2,4-D usage on com has decreased because of 
potential 2,4-D injury causing leaning or broken com stalks with fasciated roots.
SOYBEAN INJURY IN L989
"Dead Beans" were found in southern Illinois. One lot of Canopy, unfortunately, contained 
chlorsulfuron (Glean). All soybeans were destroyed, and Dupont settled with the farmers. 
Dupont has no concern about recropping to wheat and says recropping to com and soybeans 
will be allowed in 1990.
"Goldentop Beans" were noted from the use of Canopy, Classic, Pinnacle, Preview, Pursuit and 
Scepter. This is often confused with potash deficiency or soybean cyst nematode damage. This 
may result in stunted soybeans but rarely affects yield.
"Brown Beans" or atrazine carryover and its interaction with metribuzin were again expressed 
in 1989. Soybean seed size was smaller than normal which contributes to the problem.
Soybean varieties also differ in tolerance to metribuzin and atrazine.
"Cupped Beans" or pseudo-dicamba injury was found in Illinois. It was first thought to be 
dicamba injury from drift or nurse tank contamination. However, it was found in other 
situations. "Cupped beans" were usually associated with contact herbicides more than 
translocated ones. Urea ammonium nitrate (UAN or 28-0-0) was often added to the spray mix. 
Was biuret (a contaminant in urea) a contributing cause? Is this contact herbicide assault on 
the soybean meristems causing a plant hormone response?
"Burned Beans" were apparent since contact herbicides were much "hotter" in 1989 than in 1988. 
This was expressed as better weed control and more soybean injury. Cool, wet weather prior to 
application causes thinner leaf cuticles (soybeans and weeds). High temperatures and humidity 
during application facilitated greater herbicide penetration and action.
LOOKING AHEAD TO 1990
There will be a few new herbicides in 1990. Primarily these are new formulations of other 
herbicides. Hopefully there will be less herbicide injury in 1990.
Poast Plus IE (sethoxydim) contains more additives than Poast 1.5E. Rate will be 1.5 pint 
instead of 1 pint per acre. This will eliminate having to use Dash in many instances.
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Gramoxone Extra 2.5S (paraquat) will replace Gramoxone Super 1.5S. New rates will allow a 
higher rate per acre of paraquat.
Harmony Extra (DPX-9674) is a pre-mix of Harmony and Express, so "Harmony" can be 
marketed as Pinnacle. More broadleaf species are controlled, including soybeans!
Passport 2.6E (trifluralin plus imazethapyr), a premix of Pursuit and trifluralin, is for 
preplant incorporation in soybeans for 1990. The rate is 2.5 pints per acre, equivalent to 4 
fluid ounces of Pursuit 2E and 1.5 pints of trifluralin 4E.
Tough (pyridate) may be cleared for use in com for 1990. It will probably be tank-mixed with 
atrazine for broadleaf control. Beacon (primsulfuran) is a new postemergence grass herbicide 
for com. It may possibly be registered in the spring of 1990. Accent (DPX-V9630) is another 
new postemergence grass herbicide for com. It will not be registered in 1990. Some states may 
have Section 18 (emergency use) registrations.
Accent and Beacon provide postemergence control of shattercane and suppression of 
johnsongrass besides controlling foxtail and fall panicum. These products can injure com 
when certain insecticides are used in-the-furrow for rootworm control. Many shattercane and 
johnsongrass problems occur where com is grown after com and thus needs rootworm control. 
What if Beacon or Accent are used where there is imazaquin or chlorimuron carryover? These 
products all have the same mode of action.
NEW GOVERNMENT PROGRAMS AFFECTING WEED CONTROL
HEL breaks loose in 1990. Farmers must file a conservation plan for highly erodible lands 
(HEL) by 1990, and it is to be implemented by 1995. Weed control and tillage programs may 
need to be altered to meet the 30 percent cover required for HEL. Crop rotations may be 
changed or cover crops may be required.
LISA (low input sustainable agriculture) is not fully defined, as it is an amalgamation of many 
thoughts. Is LISA to be organic agriculture? Is it PIMP (practical integrated management of 
pests)? Is it MEY-MI (maximum economic yield but minimum input)?
Groundwater contamination is in the news. Pesticides are being found in some wells. These 
rarely exceed HAL (Health Advisory Levels). Some are from point source (back-siphoning, 
unprotected well head, or location near mixing and loading operations.) The responsible 
applicator must do everything possible to protect both public and private water supplies 
(surface and groundwater).
Applicators must know government programs to position their products and services to fit the 
farmers' needs. This a regulatory age (state and federal) and one must be knowledgeable and 
flexible to survive.
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Maximizing the Benefits of Herbicides
D. Pike
Farmers who manage weed control for optimum profitability tread a very fine line. They must 
apply enough herbicide to insure a good yield and yet not reduce the amount to the point where 
they risk excessive yield losses. In determining where that fine line exists, the following 
concepts should be considered.
EFFECTIVE MANAGEMENT
There is little doubt that most farmers can reduce the amount of herbicides that they use. The 
tradeoff in the equation is that they must be more observant and better managers. The key to 
effective management is to properly identify the target weeds, to select appropriate herbicides, 
and to apply them in a timely and efficient manner. This means that scouting fields and 
mapping areas of weed infestations require special attention. It may also mean that farmers 
may have to convince themselves, the bank, and the landlord, that a few weeds in a field are 
OK. There is no need to remove every weed from a field. Select a threshold for weeds and stick 
to it.
EARLY VERSUS LATE PRE/PPI
Early preplant herbicides can reduce or eliminate the need for bumdown treatments if applied 
early enough to prevent the weeds from being a problem at the time of planting. However, 
herbicides applied earlier in the season start to break down sooner and may result in a loss of 
weed control before the canopy closes. Whether or not additional herbicide is necessary will 
depend on the supply of weed seed in the soil and the availability of soil moisture to stimulate 
germination. If more weed control is necessary, either a cultivation, a second shot of a 
preemergence herbicide, or a postemergence application of a herbicide can be used. If the soils 
remain dry, a second flush of weeds may not be forthcoming.
EARLY VERSUS LATE POST
Early postemergence applications of herbicides to weeds are often very successful due to the 
susceptibility of small weeds. Plants which grow rapidly have thin cuticles and are much more 
permeable to foliar applied herbicides. Many farmers have applied postemergence herbicides 
at less than the labeled rates and have had good success. While there is little doubt a reduced 
rate program is effective in certain situations, farmers should realize that they assume an 
increased risk of poor weed control. The key to making the system work is to be sure that the 
reduced rates are only being applied to weeds that are less than the maximum size found on the 
label and that conditions for growth are favorable for a few days before and after such an 
application. The farmer should also realize that the earlier the application the greater the 
opportunity for missing late-emerged weeds. This may or may not be critical depending on the 
rate of canopy closure and the potential for new weeds to emerge.
TANK-MIX/PREMIX VERSUS SINGLE PRODUCT
A tank-mix or pre-mix of more than one herbicide has the advantage of increasing the 
spectrum of weed control and reducing the potential for herbicide carryover. A  single 
herbicide, on the other hand, is usually applied at a rate higher than the individual 
components of combination products and is, therefore, more likely to give longer-lasting weed 
control. Consider both the spectrum and persistence of weed control when selecting from the 
alternatives.
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INCORPORATING HERBICIDES
Incorporating herbicides too deeply can dilute them and reduce their effectiveness. This is 
particularly true of herbicides used to control weedy grasses and small seeded broadleaf weeds 
which germinate near the surface of the soil.
PROPER APPLICATION
A problem with many applicators is misapplication. This can result from overlapping, 
improper calibration or mixing, and uneven nozzle wear. Make sure that there is always an 
additional set of new nozzles on hand, and change the old ones when necessary.
PROPER USE OF ADJUVANTS
The oils and surfactants recommended on the herbicide label or in Extension Service Bulletins 
have been tested and found to be appropriate for most situations. Using other surfactants may 
result in less satisfactory herbicide performance.
USE OF PROVEN PRODUCTS
Although no product can be 100 percent guaranteed, you stand a better chance of obtaining 
economical weed control with products having a proven performance record. This is not to say 
that new products shouldn't be tried. However, new introductions are seldom worth betting the 
entire farm. Reformulation is often used by many major manufacturers to price their products 
more competitively, but just as many "new" products come along each year which are simply 
higher priced reformulations of existing herbicides. Beware of door-to-door sales people, and 
avoid purchasing herbicides that have claims which are unsubstantiated by University trials.
USE OF THE CULTIVATOR AND ROTARY HOE
A little subterranean steel is often the right choice for stubborn weeds.
NARROW ROW VERSUS WIDER ROWS
Narrow crop rows can be an advantage in weed control if the canopy closes earlier. However, if 
the rows are too narrow, and you can't get through the field to spray or cultivate when 
necessary, the only option left is an aerial application.
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Pesticide Transport Spills: 
Prompt Response Needed
E. Ackerman
INTRODUCTION
Mobile spills of agricultural pesticides and fertilizer solutions are a common problem in 
Illinois. Mobile spills are those that occur while the product is being transported between the 
retail or manufacturing plant and the field of application. A rash of mobile spills occurred in 
Illinois during the spring of 1989, and spills of this nature seem to be happening more 
frequently than in past years. The economics of such spills can go far beyond the mere cost of 
replacing the product. Mobile pesticide and fertilizer spills also pose a very real threat to the 
safety and quality of both surface and ground water. For these reasons, it is important that a 
prompt and proper response be taken for each incident.
A LOOK AT 1989 DATA
During the spring of 1989, a study of spill incidents that occurred in the west-central portion of 
Illinois was conducted. Reported transport spills of pesticide and fertilizer solutions in this 
region of Illinois were documented. The information reveals some interesting facts and may 
provide insight that will help reduce the frequency of future spills. The only spills included in 
the study were those reported to the Illinois Environmental Protection Agency. The list does 
not necessarily reflect all of the mobile spills that actually occurred in that area of Illinois
During a six week period in April and May of 1989, ten known transport accidents and spills 
occurred. These ten incidents reflect the activities in only six midwestem counties of Illinois. 
The products and quantities spilled are shown in Table 1. Three of the ten incidents involved 
mini-bulk containers. In all three mini-bulk incidents, the containers were either not 
fastened to or only feebly fastened to the flatbed of the transport vehicle.
At least seven of the ten transport spills were the result of human error. Only one of the ten 
incidents could be attributed to equipment failure. The most common location where the 
spilled liquid was found was in the roadside ditch. However, several incidents also affected 
road or street surfaces.
CASE HISTORY
Pesticides have an amazing ability to penetrate quickly into the soil, even tight clay soils. 
Rapid downward movement through the soil profile may be attributable to the solvent 
component of most pesticides. The rapid movement is especially noticeable in spills of 
concentrated product confined to relatively small areas. Such was the case in a spill of 110 
gallons of Cannon (alachlor/trifluralin) that occurred this spring. The product was spilled out 
of a mini-bulk, onto a road surface, and into a road ditch. The material remained in the ditch 
for about three and one-half days after the spill occurred. At that time, the surface of the ditch 
did not seem to be extremely contaminated. However, excavation began, and after several 
hours of work, a backhoe had removed almost 30 cubic yards of contaminated soil. The 
excavation created a hole approximately 10 feet deep. The pesticide had penetrated a relatively 
tight soil to a depth of about 10 feet within approximately 72 hours after the spill!
A  similar incident involving the spillage of Lasso revealed that the product drained into a 
rodent hole In the road ditch. The hole provided a direct conduit for the Lasso to travel 
quickly to a depth of about 5 feet below grade.
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CONCLUSION
Response to transport spills of pesticide and fertilizer solutions should be immediate. The 
scope of a cleanup project is directly related to the amount of time that passes before response 
begins. The longer the concentrated product remains undisturbed at a spill site, the deeper it 
will penetrate resulting in a larger volume of contaminated soil that must be removed. Spill 
response actions must be prompt! Lack of incident response planning before a spill and 
indecision at the time of a spill will multiply the cost of remedial action.
In order to prevent a spill, all containers (packaged products, mini-bulks, etc.) should be 
securely fastened to the transport vehicle. Dealers should require that all mini-bulks be tied 
down and inspected before leaving the plant. However, even a securely fastened load is no 
safeguard if the driver does not exercise extreme caution and does not drive slowly. Liquid 
loads do not handle the same as solid loads. A  liquid load can easily flip the vehicle of an 
unsuspecting driver.
If a spill occurs, contaminated soil should be excavated as soon as possible. In most cases the 
soil can be applied to cropland at labeled rates. However, if this is not possible, the affected 
soil should still be excavated and temporarily placed in a confined area and protected against 
the elements.
Most roadside spills require the use of a backhoe. It would be prudent to have a backhoe on 
call during the spring season. It is also wise to have available the telephone number of the 
Joint Utilities Location Information for Excavators (JULIE), an organization that locates 
underground utilities. Although spill reporting requirements vary by the product and volume 
spilled, it is recommended that all mobile spills be reported. Notify the local regional office of 
the Illinois Environmental Protection Agency. The listing of regional offices is provided on the 
accompanying map. To report environmental emergencies after normal working hours and on 
weekends, call (800)782-7860.
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Table 1. Known or Reported Transport Spills of Pesticides and Fertilizer 
Solutions During the Spring of 1989 for Six Midwestern Counties 
in Illinois
Incident Products Volume fgallons!
1 Eradicane 84.4
28% N 1166
2 Lasso 11.68
28% N 833
9-0-0-17 1100
3 Extrazine II 8
32% N 229
11-37-0 58
2-6-35 105
4 Lasso 5
28% N 200
Sulfur 100
5 Lasso 50
6 Bladex 5
7 Dual 20
8 Eradicane 5
9 Cannon 110
10 Bladex 5
28% N 300
95
ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
Statewide Regional Offices
IEPA Region 1 
4302 North Main street 
Rockford, Illinois 61103 
(815)987-7755
IEPA Region 2 
1701 First Avenue 
Maywood, Illinois 60153 
(312)345-9780
IEPA Region 3
5415 North University Ave. 
Peoria, Illinois 61614 
(309)693-5463
IEPA Region 4 
2125 South First Street 
Champaign, Illinois 61820 
(217)333-8361
IEPA Region 5 
4500 South Sixth Street 
Springfield, Illinois 62706 
(217)786-6892
IEPA Region 6 
2009 Mall Street 
Collinsville, Illinois 62234 
(618)345-6220
IEPA Region 7 
2209 West Main Street 
Marion, Illinois 62959 
(618)997-4371
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Postemergence Herbicides for Grass
Weeds in Corn
M. Ross
Selective postemergence treatments for grass control in com to date have been limited 
to early postemergence treatments and directed postemergence treatments. The 
impending introduction of the sulfonylurea herbicides offers later post emergence 
control for grasses in com.
Early postemergence applications of the triazine herbicides, atrazine and cyanazine, 
provide control of most emerged annual broadleaf weeds. Control varies from good - to 
suppression - to none for grasses. Degree of control depends on the stage of grass 
development, grass species, herbicide and additives in the spray solution. Maximum 
control of grasses is obtained when the first flush of seedlings is less than four leaf 
stage or less than 11/2 inches tall.
The label for AAtrex Nine-0 (atrazine), when applied at doses of 2 lbs a.i.with crop-oil- 
concentrate, claims control for foxtails, bamyardgrass, large crabgrass and witchgrass.
According to the label, Bladex 90 DF (cyanazine), when applied at doses of up to 2 lbs 
a.i. controls bamyardgrass, crabgrass, fall panicum, foxtails, goosegrass, stinkgrass 
and witchgrass.
Control of very small grasses improves somewhat when triazines are combined with 
grass herbicides (alachlor, metolachlor or pendimethalin). These treatments also 
provide residual control for later germinating grasses. For example, Prowl 
(pendimethalin) is labeled with both atrazine and cyanazine and claims control of 
bamyardgrass, crabgrass, fall panicum, foxtails, goosegrass, sandbur, seedling 
johnsongrass and witchgrass. This label also claims suppression of wild proso and 
shattercane.
Tandem (tridiphane), which enhances the action of atrazine and cyanazine 
synergistically, claims control of the following grasses when treated in the one to three 
leaf stage: bamyardgrass, crabgrass, foxtails, goosegrass, wild proso millet, fall 
panicum, sandbur and woolly cupgrass.
Timing is critical for maximum grass control. As grasses exceed the 1 1/2 inch and/or 
three leaf stage, control is largely limited to foxtails. Product labels suggest a follow up 
cultivation to enhance control.
Crop injury can also be a problem. Labels referring to cyanazine in particular limit 
applications to the 4 leaf stage or earlier. There is also a disclaimer for adverse 
weather conditions and stressed crop, and exclusions for popcorn, sweet com or seed 
com.
Directed postemergence herbicides are sprayed under the crop plant and over the weeds. 
Thus grass weeds appreciably shorter than the com crop are needed. Limiting the 
amount of spray contacting the com plant accounts for much of the selectivity of 
directed postemergence treatments. Evik, Gramoxone, Lorox all have been used for this 
purpose. Poast (ethoxydim) has been investigated for this purpose.
New postemergence herbicides are about to be introduced which promise to provide 
selective control of johnsongrass, shattercane and quackgrass in com. These are the
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two sulfonyureas Accent (DPX-V9360) and Beacon (CGA-136872). Maximum doses will 
likely be an ounce (0.0625 lbs) or less per acre for DPX V9360 and one-half ounce or less 
for CGA-136872. They should provide consistent selective control of johnsongrass, 
shattercane, and quackgrass in conventional and conservation tillage systems. 
Sulfonylureas translocate with sugars to growing points including buds on rhizomes. 
Thus, one application has the potential to control established plants.
There is potential for selection of tolerant weed species when used continuously for 
several years. Not all routinely encountered grasses are readily susceptible to these 
compounds. A second grass herbicide will be needed in many situations. Com injury 
may occur from time to time. Interaction with organophosphate insecticides, sensitive 
com varieties, and spray tank additives are all suspect.
These two suflonylurea herbicides promise to provide much improved control of 
established shattercane, johnsongrass, and quackgrass in com. While not perfectly 
foolproof, they should be extremely valuable new tools.
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Pesticide Interactions and Safeners
M. Barrett
When plants are exposed to more than one chemical at a time, they can react differently than 
they would if exposed to each chemical separately. This is true for both pesticide interactions 
and herbicide safener activity. Multiple exposure can occur through tank mixing, sequential 
application, or residues in the environment. Interactions can be antagonistic, additive, or 
synergistic. Antagonism occurs when the toxicity is less than predicted. An additive effect 
equals the sum of the individual responses while synergism results in phytotoxicity greater 
than expected.
The precise mathematical measurement of these responses can be difficult to calculate when 
two or more herbicides are mixed. However, in other cases, such as when a non-toxic chemical 
is mixed with a herbicide, the response is obvious.
Antagonism can be detrimental when weed control is less than expected and beneficial when a 
safener decreases (antagonizes) crop injury. Similarly, synergism is detrimental when crop 
damage is increased but beneficial when weed control is increased. Additive interactions result 
in total weed control or crop injury equal to the sum of that expected from each component.
Interactions between herbicides and other chemicals, including safeners, can be affected by a 
number of factors including:
1. altered herbicide uptake and/or translocation;
2. altered herbicide detoxification;
3. an altered amount of the herbicide at the site of action; and
4. interactions between the chemicals at the herbicide site of action.
We became involved in safener work following an observation that sorghum from seed treated 
with Concep (CGA-92194) was damaged less by Scepter (imazaquin) than sorghum grown from 
untreated seed. An effective safener for Scepter offered both the practical advantage of 
potentially alleviating crop damage from Scepter carry-over and useful insights into the 
safener mode of action. The imidazolinone herbicides Scepter and Pursuit (imazethapyr) 
offered an opportunity to study the possible ways safeners work. Unlike many herbicides, the 
site of herbicide action, as well as the detoxification scheme, was known for Scepter and 
Pursuit.
Naphthalic anhydride (NA), formerly Protect, was the most effective safener studied for 
reducing Scepter and Pursuit damage to com and sorghum. Concep and Screen seed treatments 
also reduced injury from these herbicides. Dichlormid, the safener in Sutan+ and Eradicane, 
was least effective. Com was much more effectively protected from Pursuit injury than 
sorghum. Both species were equally protected from Scepter damage although the level of 
safening was less than with Pursuit.
The safeners protect the crop by increasing detoxification of the herbicide molecules. The 
safeners did not affect the site of action for the imidazolinones or significantly alter herbicide 
uptake or translocation. This mechanism (increased detoxification) is consistent with what is 
being learned in other laboratories about how these safeners protect com and sorghum against 
other herbicides such as Lasso (alachlor) and Dual (metolachlor).
NA will be marketed in 1990 both as a pretreatment on Cargill Hybrid com seed and from FMC 
as material to treat com seed in the plant box. The trade name Is "Advantage". NA is 
generally regarded as the commercially available safener with the broadest demonstrated 
safener activity both in terms of herbicides safened and crops protected.
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Another beneficial use of herbicide interactions is to increase the level of weed control or to 
reduce costs without sacrificing control. This approach is used when mixing 2,4-D or Banvel 
(dicamba) with Roundup (glyphosate) to control specific annual and perennial broadleaf weeds. 
Roundup does not control some broadleaf weeds very effectively, and addition of 2,4-D or 
Banvel can both improve weed control and allow use of lower Roundup rates.
The 2,4-D or Banvel kills the shoots of the weeds more quickly than Roundup alone. This adds 
to the control of annual weeds, but improved perennial control requires better root kill. The
2,4-D (only 2,4-D is labelled for tank-mix with Roundup for perennial control) toxicity on the 
shoots results in greater Roundup absorption by the leaves and, most importantly, gives a two 
fold increase in Roundup translocation to the roots of a perennial weed such as field bindweed. 
In addition, more 2,4-D is absorbed by the leaves and translocated (two-fold increase) to the 
field bindweed roots when 2,4-D is applied with Roundup than when it is applied alone. The 
net result of this higher herbicide concentration in the roots is a better suppresion of root 
regrowth. This is the principle for improved perennial control with 2,4-D plus Roundup.
It is important to emphasize the importance of following label recommendations and avoiding 
indiscriminate use of combinations. Knowledge of beneficial results from a mixture applied to 
one weed species does not allow prediction of the results when the mix is applied to other 
species. This is the case with 2,4-D mixtures. Although 2,4-D with Roundup increases control 
of some broadleaf weeds, 2,4-D antagonizes Roundup control of annual and perennial grasses. 
The 2,4-D reduces Roundup absorption by johnsongrass leaves and also decreases translocation 
of the absorbed Roundup to the johnsongrass rhizomes. This type of antagonism, reduced 
uptake and translocation, can usually be overcome by increasing the rate of the active 
herbicide, in this case, Roundup. This is the approach taken for tank-mixes of Poast 
(sethoxydim) with Basagran (bentazon). The Poast rate is increased to overcome the 
antagonism of grass control when the Poast is applied with Basagran. An alternative 
approach to avoiding antagonism is simply applying the two herbicides as sequential 
treatments.
Other types of antagonism, possibly involving the site of herbicide action, are not necessarily 
overcome by increasing the herbicide rate as was suggested with Classic (chlorimuron) 
antagonism of grass control with Verdict (haloxyfop).
Introduction of the herbicides Accent and Beacon opens the exciting possibility of selective 
postemergence control of grasses and some broadleaf weeds in com. One of the first things 
that was learned about these herbicides was their potential to interact with other 
agrochemicals. Com injury from both Beacon and Accent can be increased when preceded by 
application of certain soil-applied insecticides. Tank-mixing some insecticides or herbicides 
with Accent or Beacon may also cause com injury. One possible reason for these interactions 
is that all the chemicals may be detoxified by the same system in the com plant. When other 
chemicals are present in the plant in addition to Beacon or Accent, herbicide injury can occur 
due to an overload on the detoxification system. Conversely, other herbicides applied with 
Accent and Beacon decreased johnsongrass control. Understanding these interactions will be a 
major step towards using Beacon and Accent in com.
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Effect of Volume, Pressure, and Nozzle Type on 
Coverage and Weed Control from 
Postemergence Herbicides
B. Wolf, L. Bode, L. Wax
Introduction
Introduction of several new postemergence herbicides has renewed the need to determine the 
operating parameters that optimize the spray deposition on the target weeds. Current 
application practices and technology often are only partially effective because a portion of the 
applied pesticide fails to deposit and remain on the plant. The herbicides are not always 
distributed uniformly, and do not completely penetrate into the lower parts of the plant 
canopy. In addition, a portion of the herbicides may drift from the target field by air currents.
Some application recommendations indicate that spray volume can be reduced by increasing 
nozzle pressure. Available research results have been variable and inconclusive due to the 
inability to control application and due to meteorological and biological variables when 
conducting field tests.
The objective of this study was to determine the effect of sprayer operating parameters on weed 
control obtained from various rates of postemergence herbicides applied to com and soybeans.
Equipment and Procedure
Field studies were conducted in the 1989 growing season at the University of Illinois 
Agricultural Engineering Research Farm to evaluate the effect of spray volume, nozzle pressure, 
and nozzle type on weed control from postemergence herbicides in both com and soybeans.
The first com study involved the use of an experimental herbicide used to control grass weeds 
(giant foxtail) and broadleaf weeds (velvetleaf, cocklebur, and wild mustard). Crop injury and 
weed control were assessed in each plot. Ratings were based on a scale of 0 = no injury and 100 
= complete control. The experimental herbicide (KIH-2665) was applied at the rates of 0.05, 
0.075, and 0.1 pounds active ingredient (a.i.) per acre. The three rates were applied in both 10 
and 20 gallons per acre (GPA) volumes using a low (22 psi) and a high (60 psi) pressure. A 
surfactant (X-77) was included at 0.25% by volume. Nozzle types selected for this study were 
Spraying Systems extended range flat-fan (XR11002 and XR11004) and the Delavan RA 
Raindrops (RA #2 and RA #4).
The second com study involved the use of KIH 2665, a tank mix of tridiphane (Tandem + 
Atrazine), and DPX-V9360 (Accent) to control grass weeds (giant foxtail) and broadleaf weeds 
(velvetleaf, wild mustard, and smooth pigweed). An assessment of crop injury was also made 
in this study. The KIH 2665 was applied at the medium rate (0.075 lb a.i./A), Tandem +
Atrazine at 0.5 and 1.5 lb a.i./A, and Accent at 0.05 lb a.i./A. Spray volumes of 10 and 20 GPA 
were used to apply the materials. A surfactant (X-77) was added at 0.25% by volume with KIH 
2665 and Accent. Crop oil concentrate was added to the Tandem + Atrazine tank mix at 1 
quart per acre. The pressures used were low (20 psi) and high (80 psi). Nozzle types selected for 
this study were Spraying Systems extended range flat-fan (XR11002 and XR11004) and flooding 
flat-fan (TK #1 and TK #2) and the Delavan RA RaindropR (RA #2 and RA #4).
Two postemergence herbicides each applied at two rates were evaluated in the soybean study. 
The herbicides used were bentazon (Basagran) at 0.38 and 0.56 lb a.i./A and imazethapyr
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(Pursuit) at 0.032 and 0.047 lb a.i./A. Each herbicide was evaluated for control of grass weeds 
(giant foxtail) and broadleaf weeds (velvetleaf and smooth pigweed). Crop injury was also 
evaluated. The 10 and 20 GPA carrier volumes were also used in the soybean study. An 
adjuvant (28% nitrogen at 5% by volume) was added to each herbicide mixture. The pressures 
used were low (20 psi) and high (80 psi). Nozzle types selected for use in this study were 
Spraying Systems extended range flat-fan (XR11002 and XR11004) and flooding flat-fan (TK #1 
and TK #2) and the Delavan RA RaindropR (RA #2 and RA #4).
The first com study using KIH 2665 had the nozzles mounted on a high clearance plot sprayer 
equipped with a 10-foot boom hydraulicly adjustable for height. Nozzle spacing was on 20- 
inch centers and the boom was operated at 23" above the target. Each plot was 10 feet by 50 
feet with four 30 inch rows in each plot. There were 4 replications of 24 treatments. The 
extended range nozzles were oriented to spray straight down while the RaindropR nozzles were 
placed at a 30-degree orientation facing forward. Pressure was developed for the application 
process using compressed air. Spraying was conducted on June 2, 1989. The com was in the 2­
4 leaf stage and about 5-6 inches tall. The foxtail had 2-3 true leaves and was about 2-4 inches 
tall. The broadleaves were 1/2 to 2 inches tall with many just emerging from the soil. 
Temperature and humidity were 80o F and 55% respectively. Wind speed was measured at 2-3 
MPH with gusts of 5-7 MPH. Weed control and crop injury ratings were made at 1 and 2 week 
intervals after spraying. Ratings for each were expressed as percents.
The second com study using the three different herbicide treatments was set up with the 
nozzles spaced on 30-inch centers. Plot size was 10 feet by 50 feet and contained four 30-inch 
rows. A total of 36 treatments were replicated 4 times. The extended range and flooding 
nozzles were oriented straight down while the RaindropR nozzles were placed at a 30-degree 
orientation facing forward. A  compressed air system was used to apply the herbicides.
Spraying activities were conducted on June 6, 1989. The com was in the 4-5 leaf stage and 
about 6-8 inches tall. The foxtail had 3-5 leaves and was 3-5 inches tall. The broadleaves 
ranged from 3-7 leaves and 1-5 inches tall. Temperature and humidity were 81o F and 54% 
respectively. Wind speed was negligible. Crop injury and weed control ratings were made at 
one and two week intervals after spraying.
The soybean study was designed using the same volumes, nozzle types, spacing, pressures, and 
orientation as the second com study. The soybean study had 24 treatments per herbicide with 
4 replications. Spraying for the Basagran plot was conducted on June 21, 1989. The soybeans 
were in the second trifoliate stage of growth and about 4-5 inches tall. The foxtail had 2-4 
leaves and was 3-4 inches tall. The broadleaves had 2-5 leaves and were 1-3 inches tall. 
Temperature and humidity were 90o F and 50% respectively. Wind speeds were minimal with 
gusts to 3 MPH. Spraying for the Pursuit plots was done on June 22, 1989. Plant conditions 
were the same as those indicated for the Basagran plot. Temperature and humidity were 85o F 
and 50% respectively. Winds speeds of 7-8 MPH interrupted the spraying activity in the Pursuit 
plot. Spraying was completed in the late afternoon after winds had subsided to 2-3 MPH. One 
rating for crop injury and weed control was taken on July 6, 1989 for each herbicide treatment.
Results and Discussion
Tables 1, 2, and 3 summarize the effectiveness of herbicide rate and equipment operating 
parameters for each of the three field tests respectively. Weed control data for only the second 
ratings (14 DAT) are presented in the Tables as there were no apparent differences in the 
results for early and late ratings.
The KIH 2665 herbicide in the first com study resulted in significant differences in weed 
control among the three rates. Control decreased significantly as rate decreased from high to 
medium to low. Com injury was slight and not significantly different among the three rates. 
Com injury at the second rating was much less than at the early rating.
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The 20 GPA volume may have been slightly better than the 10 GPA volume, especially on 
velvetleaf. The RaindropR and the flat-fan nozzles performed equally well, as did the low and 
high pressures.
There were significant differences among the herbicides and operating parameters in the 
second com study. Of the three chemicals, KIH 2665 resulted in more crop injury than the 
others. Grass control was best with Accent and intermediate for KIH 2665 and was least with 
Tandem + Atrazine. Broadleaf control was reversed with the best results from Tahdem + 
Atrazine, intermediate with KIH 2665, and least with Accent.
The only difference in spray volume was significantly better control of foxtail at 20 GPA. 
Among the nozzles evaluated, the RaindropR resulted in slightly poorer foxtail and velvetleaf 
control as compared to applications with the flooding nozzle. Overall, the flooding nozzle 
resulted in the best weed control. The RaindropR nozzle resulted in slightly more crop injury 
as compared to the flat-fan nozzle. Pressures were not significantly different except the high 
pressure (80 psi) resulted in slightly more late com injury and slightly better wild mustard 
control compared to the low pressure (20 psi).
In the soybean study, there were no significant differences resulting from spray volume for 
either chemical applied. The only difference in pressure was a slight increase in velvetleaf 
control with the high (80 psi) pressure application with Basagran. Injury to soybeans with 
Basagran or Pursuit was insignificant, regardless of main effect variable. Velvetleaf control 
from Basagran was slightly lower with the Raindrop R nozzle.
Summary
Conditions were near optimal for postemergence herbicide activity in these studies. Even 
though differences do exist for selected variables, the differences are minimal. These 
differences may not be great enough to warrant major adjustments at this time in the 
operational parameters for depositing herbicides on grasses and broadleaf weeds. However, 
differences might be greater under adverse conditions. Continued efforts to assess the situation 
under a variety of conditions are planned.
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Table 1. Weed Control and Com Injury Results Using KIH-2665 as a Postemergence Com Herbicide 
Averages for Main Effects
Treatments CORN CORN GIFT COCB WIMU VELE
% INJ %INJ %CNTRL %CNTRL %CNTRL %CNTRL
GPA NOZ' PSI RATE IstWK 2ndWK 2ndWK 2ndWK 2ndWK 2nd WK
10 11 2 83 85 91 64b
20 10 2 84 87 91 69a*
XR 11 2 84 86 91 66
RA 10 1 83 87 90 67
22 11 2 84 87 91 67
60 10 2 83 86 90 66
.05 9 1 73c 82c 88c 59c
.075 11 1 86b 86b 91b 69b
.1 11 2 92a 90a 94a 73a
* Means within a column for each main effect followed by different letters are significantly 
different at the 0.10 alpha level al
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Table 2. Weed Control and Com Injury Results for Com Herbicide Postemergence Study with KIH- 
2665, Tandem + Atrazine, and Accent
Averages for Main Effects
Treatments CORN CORN GIFT SMPW WIMU VELE
% INJ %INJ %CNTRL %CNTRL %CNTRL %CNTRL
GPA NOZ PSI CHEM IstWK 2ndWK 2ndWK 2ndWK 2ndWK 2ndWK
10 9 4 73b 87 82 71
20 9 3 78a** 87 83 72
XR 8b 3 77ab 87 83 72ab
TK 9ab 4 77a 87 84 73a
RA 10a 4 74b 86 81 70b
20 9 3b 76 86 81b 71
80 9 4a 75 87 84a 72
A* 3b Ob 86a 81c 75c 48c
K 24a 10a 74b 85b 79b 78b
T + A Oc Ob 68c 94a 94a 90a
*A = Accent at 0.05 lb a.i. per acre
K = KIH 2665 at 0.075 lb a.i. per acre
T + A = Tandem + Atrazine at 0.5 and 1.5 lb a.i. per acre
•♦Means within a column for each main effect followed by different letters are significantly 
different at the 0.10 alpha level
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Table 3. Weed Control and Soybean Injury Results for Soybean Herbicide Postemergence Study 
with Basagran and Pursuit
Averages for Main Effects
Treatments BEAN BEAN VELE VELE SMPW SMPW
BASGRN PRSUT BASGRN PRSUT BSAGRN PRSUT
GPA NOZ PSI CHEM % INJ % INJ % CNTRL % CNTRL % CNTRL % CNTRL
10 2 1 94 78 79 97
20 1 1 94 77 78 97
XR 1 Oab” 95a 76 79 98ab
TK 1 Ob 95a 78 80 98a
RA 2 la 92b 79 77 97b
20 2 1 93a 78 78 98
80 1 1 95b 77 79 97
A* 1 93a 76a
B 2 95b 81b
C 1 79a 98
D 0 76b 97
♦Rate A = Basagran at .38 lb a.i. per acre 
Rate B = Basagran at .56 lb a.i. per acre 
Rate C = Pursuit at .047 lb a.i. per acre 
Rate D = Pursuit at .032 lb a.i. per acre
♦♦Means within a column for each main effect followed by different letters are significantly 
different at the 0.10 alpha level
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Potential Of Starch Encapsulated 
Semiochemical/Insecticide 
Formulations For Corn Rootworm Control
L. Meinke
The western com rootworm (WCR), Dlabrotica virffifera virgifera LeConte, and northern com 
rootworm (NCR), D. barber! Smith and Lawrence, annually cost United States com producers 
millions of dollars (Sutter et al. 1980). Costs include purchase and application of insecticides 
and yield losses caused by larval root feeding (i.e., plant removal, reduced plant vigor, and 
harvest losses due to lodged com).
With present technology, several com rootworm management options are available to the 
producer. Crop rotation will effectively prevent larval com rootworm damage from occurring 
in most fields. In continuous com, a beetle scouting program can be utilized to determine if 
insecticide applications are needed (Stamm et al. 1985). When necessary, insecticide 
applications can be directed toward com rootworm adult or larval stages. One strategy utilizes 
broadcast insecticide applications to suppress beetle numbers in late summer in order to 
greatly reduce opposition and subsequent larval damage the following year (Pruess et al. 1974). 
Another strategy utilizes soil insecticides applied at planting time or first cultivation in order 
to reduce larval numbers in the root zone (Mayo and Peters 1978).
A new com rootworm adult-based management concept involves the use of semiochemicals 
(beetle behavior modifying chemicals i.e., attractants, movement arrestants, sex pheromones, 
etc.) to attract beetles to a food source containing minute amounts of insecticide. The 
previously mentioned broadcast insecticide approach to beetle management is based on contact 
kill of adults, whereas the new concept is based on adults ingesting the insecticide placed in an 
attractive food source. The potential benefits of the latter approach include the following:
1) It supports a potential reduction in the amount of insecticide that is applied to com 
production systems (possibly greater than a 90% reduction in active ingredient applied/acre 
in comparison to current broadcast aerial application rates used for beetle control);
2) It can reduce human exposure to insecticides and environmental contamination by 
insecticides(e.g., potential groundwater contamination);
3) It provides a point source (bait) that is attractive primarily to Diabrotica species which 
would potentially reduce adverse effects on nontarget organisms;
4) It provides an alternative com rootworm management system that is not affected by the 
occurrence of soils that aggressively degrade soil insecticides.
Scientists in the combelt have recently identified a variety of Diabrotica semiochemicals that 
potentially could be utilized in adult-based com rootworm management programs. These 
include various cucurbitacins (movement arrestants and feeding stimulants from cucurbit 
plants; Chambliss and Jones 1966, Metcalf et al. 1980), a variety of plant derived kairomones 
used in host finding (Andersen and Metcalf 1986, Ladd et al. 1983, Lampman et al. 1987, 
Lampman and Metcalf 1987), and Diabrotica sex pheromones (Ball and Chaudhury 1973, 
Chuman et al. 1987, Guss et al. 1982, 1983).
Semiochemicals have been successfully used to attract adult com rootworms to baited traps 
(Lampman et al. 1987, Lance 1988, Weissling et al. 1989) and to alter their spatial distribution 
(Lampman and Metcalf 1987, Weissling and Meinke, unpublished data). Metcalf et al. (1987)
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have shown that com grit baits impregnated with semiochemicals and insecticides could 
attract and kill WCR and southern com rootworm, D. undecimpunctata howardl Barber, adults. 
This demonstrates that semiochemical/insecticide combinations may have a future in com 
rootworm management programs. However, practical use of semiochemical/insecticide 
mixtures in com rootworm management programs has been impeded by the lack of viable 
delivery systems and commercially acceptable formulations.
New controlled release technology in which starch is used to encapsulate pesticides has been 
developed over the last 15 years by scientists at the USDA-ARS Northern Regional Research 
Center, Peoria, Illinois. The starch matrix concept has been successfully used to develop 
controlled release herbicide (Schreiber et al. 1978, Baur 1980), insecticide (Trimnell et al.
1982), and Bacillus thuringiensis Berliner (Dunkle and Shasha 1988) granular formulations.
My laboratory group, cooperating with USDA-ARS scientists, has been investigating the 
feasibility of utilizing the starch matrix concept to create controlled release formulations of 
semiochemical/insecticide that can be used to attract and kill WCR adults in field com. Initial 
experiments demonstrated that various com rootworm semiochemicals could be encapsulated 
in two different starch-based granules (a starch-borate granule, Meinke et al. 1989, Weissling et 
al. 1989; and a starch/com oil granule). Field study results indicated that semiochemical 
release rates from starch granules placed in Pherocon 1C traps were attractive to WCR beetles 
for prolonged periods of time (Meinke et al. 1989, Weissling et al. 1989) and that certain starch 
encapsulated formulations can have a shelf life of at least 1 to 2 years (Meinke et al. 1989).
Carbamate insecticides were individually encapsulated along with com rootworm attractants 
and a com rootworm feeding stimulant in each starch-based granule to create various 
semiochemical/insecticide formulations. In laboratory studies, all formulations were readily 
fed upon by WCR adults, and 90% to 100% beetle mortality was obtained from some 
formulations in 24 hour bioassays. Results of field experiments (utilizing the most promising 
semiochemical/insecticide combinations, see Table 1) conducted during 1988 and 1989 indicate 
the following:
1) Starch encapsulated semiochemical/insecticide formulations will attract and kill WCR 
adults over time in field com;
2) The starch formulations were more effective as control agents when they were placed in the 
com canopy rather than on or near the ground;
3) Broadcast applications of the experimental starch formulations were just as effective as 
Sevin XLR Plus at reducing WCR populations in small field com plots, but the starch 
formulations consisted of 90% less insecticide per acre. Significantly more lady beetles 
were killed in the plots treated with Sevin XLR Plus than in plots where starch-based 
formulations were applied.
At this stage of the research program it seems that the starch delivery system may have 
potential as a tool that could be used in the development of new, more biorational com 
rootworm management programs (both for monitoring and control). This delivery system may 
also be applicable to other insect semiochemicals. To determine if a
semiochemical/insecticide adult com rootworm management approach will be effective (i.e., 
reduce beetle numbers and, consequently, egg laying to a low enough level to prevent an 
economic problem the following season in continuous com), an experimental use permit must 
be obtained from the EPA for one or more prototype formulations so that large scale testing of 
the concept can be conducted. Currently, university scientists from four com belt states and 
USDA-ARS scientists at the Northern Grain Insects Laboratory at Brookings, South Dakota, 
are collaborating to develop and test this concept.
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We anticipate that starch formulations eventually will be applied by aircraft or ground rigs. 
Current research has been directed toward biological questions and not application technology. 
Modifications of the starch granule (i.e. granule size, weight) may still be necessary to enable the 
granules to be applied through conventional equipment. More data need to be collected on the 
interactive effects of beetle behavior, formulation behavior (i.e., rate of semiochemical release, 
degradation rates, etc.), and environmental conditions on formulation efficacy. These factors will 
be especially important when experiments can be conducted in farm-sized fields.
Table 1. Two starch-based formulations that will effectively attract and 
kill western com rootworm adults in field com.
Compound
Role of 
compound-!/
Formulation rate 
(mg Al/g starch granule)
Starch borate Starch/com oil
granule granule
1,2,4-Trimethoxybebzebe A 1 1
trans-cinnamaldehyde A 1 1
Indole A - 1
Buffalo gourd root powder F 37.5 37.5
Pollen A/F 5 5
Carbaryl I - 7.5
Carbofuran I 7.5 ”
1/ A = attractants; F = feeding stimulants; I = insecticides.
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Seed Treatments on Small Grains
W. Pedersen
Fungicide seed treatments are very similar to a fire insurance policy. You hope you never need 
to use it, but if you have a fire, you better have an insurance policy. Similarly, in many years 
there may not be a yield difference between treated and untreated wheat seed. However, when 
environmental conditions are favorable for pathogens and unfavorable for wheat plants, yield 
differences may be very significant.
In 1988/89, several seed treatments were tested on five wheat varieties. The treatments were 
evaluated at two sites, Brownstown and Urbana with each treatment being replicated four 
times at each location. The seeding rate for all plots was approximately 90 pounds per acre in 
an attempt to apply 1,200,000 seeds per acre.
Results from Urbana: Most seed treatments increased yields on all of the varieites, but not all 
were statistically significant at the 95% level (Table 1). In general, the highest yields were 
obtained from combinations that utilized Baytan. Baytan (Mobay Corporation) is a relatively 
new seed treatment, approved in 1989 for wheat, that is effective against loose smut. It also is 
systemic and controls fall and early season infection by rust, powdery mildew, and possibly 
take-all. It is interesting to note that for Pioneer Brand 2555, Imazalil (a fungicide very 
effective against Fusarium sp.) had yields as high as the combinations that included Baytan.
Results from Brownstown: Only Vitavax 200 was significantly different from the control for 
Pioneer Brand 2551 (Table 2). None of the seed treatments significantly affected yields for 
Caldwell, Cardinal, Dynasty, or Pioneer Brand 2555.
SUMMARY
There are two major groups of pathogens that must be controlled. The first is seedling blights 
(Fusarium. Rhlzoctonia. Helminthosporium. Pvthium. etc.). These pathogens may kill the 
seedling before it emerges or cause damping off soon after emergence. They also affect winter 
hardiness and may result in reduced strands. Weather conditions, seed quality, and seeding 
rate all affect these disease-causing organisms. The second group of pathogens includes the 
smuts and bunts. When present, these pathogens - especially loose smut - can cause serious 
economic losses. Some of the seed treatments such as carboxin (present in Vitavax 200) and 
Baytan control the smuts and bunts. However, they cost more than general fungicides like 
thiram, Captan, or Nusan which do not control loose smut. The increase in the extent of 
required information on labels and the greater restrictions placed on the use of pesticides, 
have forced several seed companies and growers to question whether or not seed treatments are 
needed in Illinois. Based on the past two years, it would be possible to grow an excellent crop 
of wheat without any seed treatment. Just as it is impossible to forecast the weather, It Is 
equally impossible to predict what would happen if wheat seed was not treated. Therefore, seed 
treatments must be viewed as an insurance policy.
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Table 1. Effect of seed treatments on yield of winter wheats in 1988/89 at Urbana.
Seed Treatment Cardinal Dynasty
Pioneer
Brand
2551
Pioneer
Brand
2555
Control 84.4 71.5 90.5 93.8
Vitavax 200 95.4* 77.6 102.6 101.9
Thiram + TBZ + PCNB 103.7* 77.0 108.5* 106.1
Captan + Baytan 100.3* 81.9* 99.3 104.6
Nusan + Baytan 100.9* 85.0* 92.8 108.9*
Apron + Baytan 103.9* 80.1* 103.4 107.3*
Imazalil 92.2 78.4* 104.7 108.9*
LSD (5% level) 10.6 6.4 14.9 13.1
‘ Significantly different from the control treatment (95% level).
Table 2. Effect of seed treatments on yield of winter wheats in 1988/89 at Brownstown.
Pioneer Pioneer
Brand Brand
Seed Treatment Caldwell Cardinal Dynasty 2551 2555
Control 71.5 79.7 77.7 80.5 97.9
Vitavax 200 80.1 82.1 78.5 90.8* — a
Thiram + TBZ + PCNB 75.2 76.8 78.7 86.8 97.6
Captan + Baytan 77.6 84.4 84.6 80.4 100.3
Nusan + Baytan 78.2 84.4 — a 83.5 98.5
Apron + Baytan 74.0 83.4 75.3 86.1 96.6
Imazalil 73.0 80.9 79.2 86.9 94.3
LSD (5% level) N.S. N.S. N.S. 9.5 N.S.
a Missing data
* Significantly different from the control treatment (95% level). 
N.S. No treatments were significantly different from the control.
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Controlling Wild Garlic
N. Troxclair
Wild garlic fAllium vineale L.), contains allyl sulfide, the chemical responsible for the strong 
odor and "garlicky" flavor which is imparted to agricultural products. Wheat grain infested 
with aerial bulblets of wild garlic is undesirable because of the tainted flour and the additional 
problems created by the higher moisture content of the bulblets during the milling process. 
Aerial bulblets are harvested with the wheat grain, and because of similarities in size, it is 
difficult to separate the two.
In 1986, the U.S.D.A. revised its grain grading standards. Under the new guidelines, two or 
more bulblets per kilogram of grain would result in wheat being classified as "garlicky". The 
occurrence of one aerial bulblet cluster per 10-by-40 foot area could result in a load of wheat 
being classified as "garlicky" (Curran et al. 1988).
Penalties incurred for "garlicky” wheat can be substantial. Anderson and Peters (1982) reported 
garlic contaminated grain being discounted as much as $2.00 per bushel. Leys (1984) reported 
that a conservative estimate of a $0.25 per bushel discount for "garlicky" wheat In 1982 would 
have amounted to a $4 million loss to growers in southern Illinois. Losses per acre would have 
amounted to $11.25 if the same $0.25 per bushel discount figures were used.
A review of some 1986 elevator tickets obtained from the Illinois Department of Agriculture 
turned up an occasional ticket with three to four hundred garlic bulblets per kilogram of wheat 
grain. In 1986, some southern Illinois grain elevators discounted from half-a-cent to as much 
as two cents per bulblet for lightly infested loads. Typically, dockage was from half-a-cent to 
one cent per bulblet with discounts of $0.75 per bushel occurring most commonly.
Those growers who had "garlicky" wheat could either accept the discounts, clean the wheat, or 
feed it to livestock. Occasionally, a mill or elevator operator would refuse to buy "garlicky" 
wheat at any price. The alternative to these options would be to control garlic to eliminate 
aerial bulblet production.
Life Cycle and Reproduction
Understanding the life cycle and reproduction of wild garlic will help in one’s efforts to control 
this pest. Wild garlic, a perennial monocot, produces two plant forms: scapigerous and non- 
scapigerous. The larger, scapigerous plants have leaves and a stem (scape) upon which the 
spathe, containing aerial bulblets and flowers, is found. The non-scapigerous plants are 
smaller and have fewer leaves and no stem.
A garlic plant may grow from a seed or from any of four types of bulbs. The four types of bulbs 
are: 1) hardshell bulb, produced underground; 2) soft offset bulb, produced underground; 3) 
central bulb, produced underground; and 4)aerial bulblet, produced aboveground in a bulblet 
cluster. Each type of bulb is capable of producing either a scapigerous or a non-scapigerous 
type of plant.
The non-scapigerous plant produces one central bulb and sometimes one or two hardshell 
bulbs at maturity. The scapigerous plant may produce seed and aerial bulblets aboveground 
plus one soft offset bulb and one to six hardshell bulbs below ground.
The most common bulb type is the aerial bulblet; a single scapigerous plant may produce as 
many as 300 aerial bulblets. The second most numerous bulb type is the hardshell bulb which 
is larger than the aerial bulblet. These bulbs are formed in the axils of the outer leaves of 
scapigerous and non-scapigerous plants. Hardshell bulbs are composed of a single bladeless
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storage leaf containing a growing point at its base. This storage leaf is surrounded by another 
tough, highly lignified, bladeless leaf which forms a hard protective shell. This outer shell 
provides the means by which the bulb is able to remain dormant for six years or more.
A central bulb is formed around the main axis of the plant. This central bulb does not have an 
outer protective scale. The soft offset bulb, another bladeless storage leaf, is formed 
underground in the axil of the innermost leaf of the scapigerous plant. It is usually the largest 
of the four bulb types.
Wild garlic is usually spread by bulbs, with the aerial bulblets being the most abundant. Thus 
aerial bulblets are most responsible for wild garlic dispersion. Seed production by garlic in the 
U.S. is not significant except in the southern extremities of its range where abundant viable 
seed may be produced. Garlic seeds are produced in the spring and germinate in the fall. 
Seedlings are non-scapigerous and produce only one small bulb the first year.
Crop Rotation
The easiest way to avoid the problems associated with wild garlic in wheat is to plant winter 
wheat on land free of the weed. Rotation to crops in which tillage or other cultural practices 
can be performed is an alternative means of reducing wild garlic stands.
Tillage
Tillage, when ecologically feasible, can be an effective means of reducing wild garlic if it is 
timed to coincide with the stage of plant growth when the old bulb reserves are low, but before 
new bulbs have started to form (Cox 1914). This occurs just after the scape or central bulbs 
have been initiated in their respective plants. Tillage occurring prior to the time that the old 
bulb reserves are nearly depleted is less effective in reducing wild garlic since the plant is 
capable of regrowing by utilizing the large food reserves in the bulb. Tillage occurring after the 
new bulbs have started to form has failed with respect to reducing the number of viable bulbs.
In the U.S., if sufficient rainfall has brought about sprouting in late August or early September, 
tillage in mid to late-October is effective. If sprouting is delayed until late-September, early 
spring tillage would be most effective (Peters and Lowance, 1981).
Central bulbs, soft offset bulbs, and aerial bulblets will germinate in the fall of the year in 
which they are formed. Most of these plants can be killed by repeated tillage or with herbicide 
applications . However, hardshell bulbs can remain dormant in the soil for six years or more. 
Tillage and herbicide treatments may have to be continued for as long as six years or more to 
eliminate wild garlic.
Defoliation (Mowing)
Defoliation, or frequent mowing, may not kill wild garlic plants but will reduce plant shoots 
and the size and number of underground bulbs produced (Klingman 1956, Hakansson 1963a 
and Lazenby 1963). For this reason, and because it eliminates aerial bulblet production, 
defoliation retards the buildup of wild garlic populations. The earlier and closer to the ground 
the mowing occurs, the greater the reduction of hardshell bulbs and the reduction in size and 
weight of the main shoots (Lazenby 1963).
If only one mowing is done, it is best performed between mid-February and mid-March for 
non-scapigerous plants (Lazenby 1963). The optimal timing for scapigerous plants occurs when 
the scape is cut as soon as it reaches a height at which it can be decapitated. Late cutting does 
not prevent hardshell bulb production but increases the number of bulbs with ruptured shells 
(Scott 1944) which will reduce the dormancy period of hardshell bulbs.
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Competition
Since wild garlic is a slender plant and not a strong competitor, the better the initial wheat 
stand the fewer problems one would have with wild garlic. Following good agronomic practices 
such as preparing a good seedbed, sowing high quality seed at proper seeding rates, using a seed 
treatment (especially if planting conditions are poor or adverse weather conditions are 
expected), and providing high soil fertility for the wheat crop will give it a competitive edge 
from stand establishment through harvest.
Leys (1984) reported that a dense, well-fertilized wheat crop reduced the number of wild garlic 
plants by 63%, while aerial bulblet contamination of the grain was reduced by 76%. A 
reduction in hardshell bulb numbers and a three- to four-fold weight reduction of soft offset 
bulbs occurred in well-fertilized wheat (Gast 1988).
Herbicides
Until recently, wild garlic has been difficult to control with herbicides because of its various 
mechanisms for adaptability and survival (Leys 1984). It also has relatively good tolerance to 
most herbicides. This is due, in part, to its slender, erect growth habit and waxy foliage which 
makes herbicide coverage of the foliage difficult. Previously, the more successful treatments 
were phenoxy or benzoic acid herbicides which wild garlic, as a monocot, could survive fairly 
well at rates low enough to be used in small grains. Additionally, specific physiological 
characteristics of wild garlic may be important in its relative tolerance to herbicides; 
translocation of glyphosate may be slower in wild garlic than in other species (Troutman et al. 
1981).
For years, the most widely recommended herbicide treatments for wild garlic in small grains 
have been 2,4-D esters or 2,4-D plus dicamba. However, at rates used in small grains, aerial 
bulblet and underground bulb production was not greatly reduced. Reduction of aerial bulblets 
in wheat grain is effected by the downward twisting of the bulblet heads to a level below the 
cutter bar of the combine at harvest. Aside from providing more consistent control of wild 
garlic, the addition of dicamba causes a shriveling of the bulblets which facilitates the 
cleaning process.
Timing of herbicide applications is important; in Illinois, March or early April is the best 
time for 2,4-D applications (Lobenstein and Portz 1956). By this time, wild garlic plants have 
resumed growth but are not extensively producing aerial bulblets. Later applications may cause 
crop injury and are less effective in reducing wild garlic bulbs and bulblets.
Paraquat, applied in late March or April, gave nearly 100% control of wild garlic but was 
much less effective when applied in the fall (Peters and McKelvey 1982a). For residual 
herbicides such as dicamba, timing is not as critical as for paraquat or 2,4-D (Peters and 
Stritzke 1976, Binning and Meggitt 1966). Peters and McKelvey (1982b) suggested that the 
"ideal" postemergence herbicide will be translocated and will kill underground parts of the 
plants and any attached reproductive structures. Leys (1984) suggested that the "ideal" 
herbicide would be even more effective if it had residual activity.
Chlorsulfuron (Glean), one of the early sulfonylureas, seemed to fit the description of the 
"ideal" herbicide. However, the residual activity of chlorsulfuron was too persistent to be used 
for wheat/soybean double-cropping.
Two subsequent sulfonylurea herbicides, Harmony (DPX-M6316) and Harmony Extra (DPX- 
R9674) provide excellent postemergence activity on wild garlic with the ability to be utilized in 
wheat/soybean double cropping. Harmony Extra is a 2:1 combination of the active ingredients 
found in Harmony and Express, respectively, with the latter ingredient providing control of a 
broader spectrum of weeds than Harmony alone.
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In 1989, Harmony Extra, when used in 28 trials in 4 states, provided slightly better control of 
wild garlic than Harmony when used in 37 trials in 4 states (DuPont unpublished data). 
Although the two products are very similar in performance against wild garlic, Harmony Extra 
has been positioned for the wheat market; Harmony will not be labeled for wheat.
In tests by Gast (1988), total control of plants originating from aerial bulblets was achieved 
with these products. Reducing bulb numbers is important because each newly produced bulb is 
capable of producing a new plant.
Gast (1988) reported that a reduction of bulb weights resulted from early applications of 
Harmony and Harmony Extra. Hakansson (1963b) has shown bulb weight to be directly related 
to the percentage of scapigerous plants produced. Reduction in bulb size may, therefore, help 
reduce subsequent aerial bulblet production in following wheat crops.
Harmony and Harmony Extra produced abnormalities (Gast 1988) in many of the newly 
formed bulbs as was reported by Leys and Slife (1986) with chlorsulfuron. They include 
corkiness and softening of the soft offset bulbs and thinner, lighter coloring of the outer 
protective shell of hardshell bulbs. Results of germination and viability tests showed that 
these products significantly reduced bulb vigor and/or respiration.
Studies show that Harmony or Harmony Extra at rates as low as 0.25 to 0.50 ounce of active 
ingredient per acre (0.33 to 0.66 ounce of 75DF) effectively control aerial bulblets and some 
underground bulbs as well (Table 1). Optimum control is dependent upon time of application.
Research at the University of Illinois indicates that early spring is the best time for 
application. This should allow for emergence of any late sprouting garlic but application 
should occur before underground bulb development takes place. Only garlic that has emerged 
at the time of application will be controlled.
Wheat should be between the two-leaf and boot stages of growth when the application is made. 
The wild garlic should be actively growing, with four or more inches of new growth. Usually 
when the wheat is growing well, the garlic also will be growing well. The air temperature 
should be above 60° F» and the soil should have adequate moisture. If the plants have been 
hardened-off by recent cold weather, one needs to wait for several days after the temperatures 
have warmed again before making the application.
A nonionic surfactant at 0.25% on a volume/volume basis (1 quart per 100 gallons of water) 
should be added to your Harmony Extra application. If liquid fertilizer is the carrier, addition 
of a surfactant may cause early temporary crop injury but is essential for good control.
Harmony Extra will injure or kill legumes, so it should not be applied to wheat fields where 
legumes have been underseeded. Always read the label before using a pesticide and comply with 
its directions.
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Insects That Feed on Soybean Pods: What's
the Bottom Line?
R. Edwards
A number of different insects feed on soybean pods. The most common ones are bean leaf 
beetle, Mexican bean beetle, grasshoppers, and stink bugs. Bean leaf beetles and Mexican bean 
beetles may damage the surface of the pod, but only occasionally will they feed through the pod 
wall to get to the developing beans. Although the amount of direct feeding damage to beans is 
of little consequence, pod damage can be quite extensive and may provide an avenue for entry 
of plant pathogens. Grasshoppers, on the other hand, cause not only surface damage, but also 
significant damage to the beans during years when grasshopper populations reach outbreak 
levels. Stink bugs do not feed on the pods. They insert their piercing-sucking mouthparts 
through the pod into the bean and suck its juices. Beans damaged by stink bugs either shrivel 
or become discolored in the area of feeding activity. It is important to note that plant 
pathogens may also cause discoloration of the seed, and only through testing, training, or 
actual observation of insect activity can these causes be separated.
The data in Table 1 can be used to determine at what point insects have caused economic 
damage. This after-the-fact information about insect damage is important. It is equally 
important, however, to be able to predict whether economic damage will occur based on the 
types and numbers of insects that are present and the stage of pod development (i.e., green, 
yellow, yellow-brown, or brown pods). After the pods turn yellow to yellow-brown, they 
become less attractive to chewing insects and, therefore, less susceptible to damage. Control of 
chewing insects usually is not warranted after the pods have matured. As a general rule, 
treatment may be justified in cases where 10% or more of the green pods are being damaged by 
chewing insects whose presence and active feeding can be observed. The treatment threshold 
varies to some degree and is dependent upon which insect is causing the damage, the number of 
insects present, the value of the crop, the stage of crop maturity, treatment cost, row spacing, 
and other similar factors.
Because stink bugs feed by piercing the beans and sucking the juices, the damage is not as 
apparent prior to harvest as is the case with those insects that chew holes in the pods.
However, this feeding can be quite damaging. If the damage occurs early, beans may abort. 
Older beans may be discolored or malformed. Also, seed quality and germination may be 
significantly reduced, and yeast yellow spot disease may be transmitted into beans by the bugs. 
Because stink bugs can damage the beans well after the leaves turn yellow and pods turn 
yellow-brown, producers should continue to monitor for these bugs well into September. 
Although insecticides are seldom applied, treatment may be warranted if an average of 1 stink 
bug per linear foot of row is observed.
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Table 1. The Approximate Number of Beans (Not Pods) Damaged Per Foot of Row at 
Which the Amount of Loss Equals the Cost of Treatment.a*b
Row spacing 
(inches)
Selling Price
$5/bu $6/bu $7/bu
7 3.8 3.2 2.7
15 8.1 6.7 5.8
30 16.2 13.5 11.6
36 19.4 16.2 13.9
38 20.5 17.1 14.6
40 21.6 18.0 15.4
3.If the damage throughout a field is projected to reach 
the levels provided in the table, a control measure 
should be considered, 
bFigures are based on a $10/acre cost of treatment and 
an average of 141,000 beans/bushel.
For soybean insect control information, refer to the "1990 Illinois Pest Control Handbook" or 
Purdue University Extension Publication E-77, "Soybean Insect Control Recommendations - 
1990" (revised 12/89). At the time this article was submitted, research data concerning the 
impact of insect pod feeding on soybean yield and quality were not available. These data will 
be distributed during the conference.
120
The Soybean Cyst Nematode and Sudden Death
Syndrome in Illinois:
Where Do We Go From Here
D. Edwards and W. Kirby
The soybean cyst nematode, Heterodera glvcines (SCN), is an extremely devastating pest of 
soybeans. Since its first discovery in a 20 acre field in Pulaski County in 1959, infestations 
have been found in 86 of the 102 Illinois counties. During the 1988 and 1989 growing season, 
infestations of SCN have increased in central and northern Illinois, a situation which may 
have been accentuated by moisture stress. Yield losses have been measured up to 80 percent in 
individual fields, but the average loss for the 1989 growing season was estimated at 6 percent. 
An awareness of the problem will help in efforts to spot new and potentially devastating 
infestations.
SYMPTOMS AND IDENTIFICATION
Above ground symptoms of SCN damage are not specific enough to allow positive identification 
because they can be confused with other crop production problems such as nutrient 
deficiencies, injury from agricultural chemicals, and other soybean disorders. However, some 
symptoms are highly suggestive of SCN infestations. Plants in heavily-infested areas may be 
chlorotic or stunted in appearance, particularly in soils of low fertility or during drought 
conditions. Infested portions of a field may be oval or elliptical in outline, with the most 
severe damage occurring in the center of these areas. Because other conditions may cause 
similar symptoms, positive identification cannot be made on this basis alone. To correctly 
diagnose SCN infestations, it is necessary to see and identify the nematode associated with 
injured plants. Consequently, nematodes must be recovered from soil or plant roots. Because 
of their small size, they must be observed under a microscope in order to detect the presence of 
the lemon-shaped females which are initially white but which turn from yellow to brown as 
they mature. Special arrangements are necessary for submitting soil and plant samples for 
nematode identification; procedures are precisely outlined in an extension publication entitled 
"Collecting and Shipping Soil Samples for Nematode Analysis", Report on Plant Diseases No.
1100, prepared by the Department of Plant Pathology.
A system for separating 4 races (designated as 1 through 4) of SCN, using four soybean 
differentials (Pickett, Peking, PI 88788, and PI 90763), was established in 1970. In 1979, race 5 
was added to this scheme, by a Japanese nematologist. Sixteen races were possible from the 
existing race scheme and in 1988, workers from Arkansas designated the remaining 11 races 
and identified seven new races designated as 6, 9, 10, 13, 14, 15, and 16. In Illinois, research is 
underway to evaluate field populations of SCN using the new 16 race scheme. It is extremely 
important to characterize races of SCN in order to improve communications between breeders, 
researchers, and others working with the nematode.
CONTROL OF SCN
An ideal program to control SCN should integrate the following: detection, crop rotation, 
resistant varieties, and perhaps in some cases, the use of nematicides. Maintaining proper soil 
fertility helps to keep plants vigorous and, consequently, better able to buffer the effects of 
SCN. Research with SCN has shown that resistant varieties, rotation, and nematicides do not 
increase yields to their full potential without proper levels of potash and phosphorus.
Resistant Varieties. Progress has been made in developing plant varieties resistant to SCN. 
Resistance to races 1 and 3 has been primarily derived from the black-seeded cultivar Peking
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and incorporated into public varieties with acceptable agronomic characters. Among those 
adaptable to conditions in Illinois are CN210 (maturity group II), CN290 (II), Custer (IV), and 
Franklin (IV). These four varieties no longer are grown on large acreage because they have 
been replaced by others with superior agronomic characters that show added resistance to race 
4 of SCN.
In 1977, Bedford, the first variety resistant to race 4, was released for use in the southern 
United States. The resistance in Bedford was obtained from the black-seeded cultivar PI 88788. 
Two public varieties, Fayette (III) and Cartter (III) with resistance to races 3 and 4 derived from 
PI 88788, were released at the University of Illinois in 1981 and 1986, respectively. In 1989, 
three additional varieties with resistance derived from PI 88788 (also resistant to races 3 and
4) were released through the cooperative efforts of the Agricultural Research Service, USDA and 
the Illinois Agricultural Research Station. These varieties are Bell (I), Jack (II) and Linford 
(III). Also, a soybean line similar to Linford and designated as L82C-1212 was released in 1989 
for non-exclusive use by seedsman for brand labeling. The varieties Bell and Jack will be 
extremely useful to growers in central and northern Illinois where the SCN problem has 
intensified greatly in the last few years.
Private breeders have made strides in developing soybean varieties resistant to races 1,3, and 
4 of SCN. However, the maturity groups of the private lines generally range from III through 
VI. There is a need for additional SCN-resistant varieties in maturity groups 1 through 2 for 
growers in the more northern parts of Illinois. Resistant varieties are an excellent tool for use 
in SCN control programs, especially as a component of a sound rotation program.
Crop Rotation. Crop rotation has proven to be an effective control measure for SCN. However, 
the time interval between soybean crops depends on infestation levels. Growing soybeans 
every other year in rotation with com is a desired cropping sequence utilized by many growers 
in the Midwest. In Illinois, this rotation has allowed SCN population levels to increase, 
although not as rapidly as with continuous soybeans.
To reduce SCN populations, a nonhost crop should be planted for two or preferably three years 
between soybean crops. Popular nonhost crops for the Midwest include com, small grains, and 
alfalfa. If a grower prefers to plant soybeans frequently in a rotation, then resistant cultivars 
can be included if the race of the nematode present in the field is known. Such a rotation 
scheme is recommended in Illinois, and the procedures are as follows: Year 1, the first year 
after the identification of the nematode problem, plant a nonhost crop; Year 2, plant an 
adapted SCN-resistant cultivar; Year 3, return to a nonhost crop; Year 4, plant a high-yielding 
susceptible cultivar if a soil analysis shows SCN populations are below the economic threshold 
level; and Year 5, repeat the rotation. The use of a sound rotation scheme should not be 
underestimated. Higher yields will be achieved on all crops grown in the rotation as opposed 
to a situation in which one crop is planted continuously. In the case of SCN, the use of a 
rotation involving nonhost crops and soybeans, both resistant and susceptible, will minimize 
the selection pressure on nematode populations and may prolong the useful life of resistant 
cultivars.
Chemical control. In areas where resistant cultivars are unavailable, growers may want to 
consider using nematicides for the control of SCN. At present, compounds registered for 
control of SCN are aldicarb 15G, carbofuran 15G, ethoprop 15G, and phenamiphos 15G and 3E. 
Fensulfothion 15G is labeled for control of soybean nematodes but is not recommended for 
SCN. These chemicals are generally applied in 6- to 15-inch bands over the row at planting 
and incorporated to a depth of 2 to 6 inches. Carbofuran 15G and aldicarb 15G are also labeled 
for in-furrow application. Although these nematicides offer some degree of control, aldicarb 
has provided the most consistent yield response in tests conducted in Illinois. However, 
nematicides have not been used extensively because of their cost and the ability of resistant 
varieties to produce yields as large as those from soybeans treated with the most effective 
nematicide.
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MANAGEMENT OF SCN: WHERE DO WE GO FROM HERE?
The identification of SCN problem areas is the first step in making management decisions. 
Soybean producers should be made aware of SCN symptoms and should suspect its presence 
where yields are reduced without explanation. Sound educational programs by extension 
personnel must continue, or even increase, especially in central and northern Illinois where 
growers are not as familiar with the problem as are the growers in the southern half of the 
state. Early detection of SCN gives growers a chance to reduce the rate of spread and buildup of 
large populations and, most important, in making sound management decisions.
After an SCN infestation is identified, the race should be determined using the race test 
procedure described earlier. Race determination is an important consideration in the selection 
of resistant varieties for use in crop rotations. Race determinations are made available as a 
grower service by Extension personnel in the Department of Plant Pathology at the University 
of Illinois. Growers should be encouraged to utilize this service more often, either as an on- 
farm procedure (described in Report on Plant Diseases No. 501, entitled "The Soybean Cyst 
Nematode Problem") or through University facilities.
It is unlikely that approaches for controlling SCN will change drastically in the next ten years. 
Crop rotations have proven to be the most effective control measure and will continue as such. 
The success of rotations involves the use of SCN-resistant varieties in conjunction with 
nonhost crops. The release of the earlier maturing varieties, such as Bell and Jack, will make 
crop rotations more practical and effective for the more northern areas of Illinois. In 
addition, the use of both susceptible and resistant varieties in crop rotations will minimize the 
selection pressure on nematode populations and prolong the useful life of resistant varieties.
The use of nematicides for control of SCN has not been widely accepted, primarily because of 
their cost, inconsistency, and the ability of resistant varieties to produce higher yields than 
the best nematicide treatment. This will not change unless new pesticide chemistry is 
developed that will 1) provide more effective and less expensive nematicides and 2) reduce the 
potential for contamination of our soils and water. Pesticide manufacturers have recognized 
these problems and, as a consequence, fewer experimental compounds have been submitted for 
evaluation in our program in the Department of Plant Pathology. In addition, we continue to 
lose registered nematicides; this trend will continue as exemplified by the recent cancellation 
of carbofuran 15G for use on soybeans and other crops. When one evaluates these factors, it is 
obvious that nematicides will not play a major role in controlling SCN In the near future.
In conclusion, SCN cannot be eradicated, and it will continue to be a problem wherever 
soybeans are grown. In Illinois, new county infestations of nematodes have been found almost 
on a yearly basis since their first detection in 1959. This trend is continuing in northern 
Illinois. We must make the best use of the management tools we have and inspire 
improvements of these through research efforts. An ideal program to control SCN should 
integrate detection (recognition of symptoms and soil analysis), race determinations, crop 
rotation, resistant varieties, soil fertility, and perhaps nematicide treatments. No single 
approach will work. In addition, strong educational programs provided by extension 
personnel must be continued and intensified in northern Illinois where the nematode problem 
is new. These factors must be utilized in harmony in order to reduce losses caused by SCN.
SUDDEN DEATH SYNDROME OF SOYBEANS
Sudden Death Syndrome (SDS) of soybeans is a relatively new disease in southern and central 
Illinois. Although documented here since 1979, SDS did not economically damage soybeans 
until about 1983 when severe damage was noted in several southern Illinois fields.
HISTORY
SDS has been recognized since the early 1970s in southern states bordering the Mississippi 
River. It appears to have spread from the delta states and has been identified in Arkansas in
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the early to mid- 70s. From there, it continued northward into Illinois where it was recognized 
as a potential threat to the southern counties by 1979. From about 1980 onward, SDS has 
continued to spread and has been identified in most southern Illinois counties as far north as 
Champaign County. A few counties further northward have reported infestations during the 
1989 season. Reports now indicate that the disease may be established as far north as Kendall 
County in Illinois as well as in southeastern Iowa. No reports have yet been received from 
either Wisconsin or Minnesota.
SYMPTOMS
Symptoms of SDS vary depending primarily upon the cultivar (variety) of soybeans planted. 
Maturity group as well as maturity time within a group also seem to affect symptom 
expression. Those beans maturing earliest seem to be more greatly affected than those that 
either are in a later maturity group or that simply mature later within a group. In addition, 
planting time also seems to influence the disease process. Soybeans planted earlier are more 
greatly affected than the same beans planted later.
Symptoms begin as small yellow flecks on the middle to upper leaves. In its initial stages, this 
symptom can be confused with downy mildew disease, a pathogen occurring at about the same 
time which produces similar flecks. However, in the case of downy mildew, the flecks do not 
continue to enlarge as Is the case with SDS. The flecks of SDS enlarge until necrotic tissues 
replace healthy ones in all areas between the veins. The veins remain green, a characteristic 
symptom of SDS.
Leaf loss follows the death of the leaf tissues. Premature defoliation of plants is common, with 
the petioles (leaf stems) remaining firmly attached to the plants. Flower abortion and lack of 
pod fill are also common symptoms.
Usually, only a few lower pods fill, with the remainder containing a few small, immature 
beans of low quality. Curiously, oil and protein levels of the healthy beans are not affected by 
the disease and remain well within the normal range when compared to unaffected plants.
Death of small groups of plants - as opposed to large areas of affected plants - is typical. In 
this symptom, SDS is similar to soybean cyst nematode in the field patterns that were 
observed. No cases have been reported where entire fields were lost to SDS.
FACTORS INFLUENCING DISEASE LEVELS
A number of factors are known to influence the level of SDS. These include SCN resistance, 
soil moisture, temperature, and plant physiology and other agronomic factors. Management 
plans should take all of these into account rather than depending upon one to provide 
protection against the disease.
SCN resistance appears to provide some protection against the damage caused by the disease. 
However, it is still unclear whether this is due to the resistance factor to SCN or to the 
reduction in stress on the plant. Multi-year testing of varieties in southern Illinois has shown 
that those varieties with SCN resistance typically outperform similar susceptible ones by up to 
6 bushels per acre in SDS and SCN infested fields. The level of SCN seems to play an 
independent role in the SDS complex since even in fields known to have very low levels of SCN 
(below an economic threshold), SDS is still very damaging to highly susceptible varieties. The 
same is true for fields known to have economic thresholds.
ENVIRONMENTAL INFLUENCES
The role of environment is extremely important to SDS. Cool to moderate temperatures 
combined with wet soils provide the most favorable environment for disease expression. It 
appears that there is a rather limited time period during which the disease is most active. This 
seems to be early to mid-August in Illinois. If weather conditions favor the disease during that
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time, SDS levels tend to increase. If conditions are very hot or dry, levels drop off. Research 
to determine the time of infection and the role of weather and environment is continuing at 
this time.
CAUSAL AGENT
Evidence from several sources supports the theory that a fungus known as Fusarium solan! is 
the causal agent of this disease. Fusarium species are quite common in most soils. They cause 
a wide range of diseases ranging from scab of wheat to wilts of tomato. Typically, Fusarium 
species cause a root rot or vascular wilt disease in field crops. In some cases, they are also 
known to produce toxins which can affect both plants and animals. In the case of SDS, a toxin 
could account for the necrosis of the leaves and early leaf drop.
MANAGEMENT OF SDS: WHERE DO WE GO FROM HERE?
Management of SDS should be based on utilizing a number of integrated factors rather than 
relying on a single management tool. Research in Illinois indicates that there are great 
differences among soybean varieties in how they react to this disease. Selection of late 
maturing or later maturity groups appears to lessen the impact of the disease. In addition, the 
use of SCN-resistant varieties also is helpful. As noted previously, SCN resistance will not 
control the disease but does help reduce a significant root stress pathogen.
Modifying planting patterns to extend the time beans are planted may help to reduce the 
"infection window" in the early to mid-August period. This will reduce the impact of the 
disease since not all beans will be in the same growth stage at the time that the disease is 
active. This is especially helpful in areas where a single maturity group or bean variety must 
be planted.
There are a number of factors which do not seem to influence disease levels. These include 
many standard agronomic practices such as crop rotation patterns, types of herbicides and 
their rates of application, tillage systems, and soil applied fungicides. A three-year study of 
soil fungicides concluded that no presently available product offers complete control of the 
disease. Several products and combinations of nematicides plus fungicides reduced levels by 
about 40%, but no product or combination was Judged superior. However, hew, not yet 
registered products intended for control of Fusarium diseases in ornamental crops did provide 
excellent control in lab and greenhouse experiments.
In summary, there is much work to be done yet with SDS. Research projects funded by the 
Illinois Soybean Program Operating Board have helped to reveal the complexities of this 
disease. Growers with SDS problems should use available SCN-resistant varieties plus 
superior soybean production programs to minimize the impact of SDS. The techniques 
mentioned above should help to improve soybean performance and reduce losses.
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Manipulation of Predator Populations by 
Chemicals in IPM Programs
C. Reid
The current initiative towards the utilization of bio-intensive integrated pest management 
operations reminds us of the high priority we should instill upon all potentially useful control 
methods. The growing concern over ground water contamination and the recent publicity on 
the spraying of apples with Alar have stimulated the public's growing fear and negative attitude 
towards agricultural pesticides.
The concept of IPM attempts to employ pest control strategies that are economically feasible, 
socially acceptable, and ecologically sound.
The concept of biological control has long been an integral part of pest management schemes 
in crop production. Biological control was defined by DeBach (1964) as the action of natural 
enemies (parasites, predators, and pathogens) in maintaining another organism’s density at a 
lower average than would occur in their absence. Rabb et al. (1976) included manipulation of 
natural enemies as part of the biological contol concept. The use of biocontrol agents attempts 
to create a self-perpetuating control system which can be fueled by the pest's own biomass. The 
repetitive, and sometimes unnecessary use of pesticides adversely affects benefical insect 
populations and can influence the development of pesticide resistance in the pest population. 
This can release the pest from predation pressure.
Augmentation of natural enemies is an approach to restore natural control in continually 
disrupted agroecosystems where beneficial insects have either been wiped out or are unable to 
invade rapidly enough during crop maturation to control rapidly increasing pest populations.
Huffaker et al. (1977) divided augmentation into two general but overlapping categories: (1) 
periodic release of a natural enemy and (2) environmental manipulation. Both types of 
augmentation rely on the mass production of natural enemies followed by the subsequent 
release of the reared individuals into the agroecosystem.
Periodic releases are simple, inoculative, or inundative strategies. Environmental 
manipulation could include the provision of alternate hosts, modification of cropping 
practices, provision of subsidiary foods (e.g., food sprays), nesting places, or even the addition 
of the actual pests. More recently the behavioral manipulation of natural enemies through the 
use of semiochemicals has received more attention. The behavioral modification of insect 
predators and parasitoids on pests through the use of chemicals can provide several innovative 
approaches for the manipulation of natural enemies for the benefit of man.
More work has been done on behavioral modification by chemicals involved in parasitoid- 
prey relationships. However, this report will focus on the influence of behavioral chemicals 
on predators and will discuss their possible applications.
It is important to understand the host selection process of predators in order to elucidate the 
roles that chemicals can play in the predator-host relationship. This understanding may give 
us clues to the potential use of these compounds for augmentation of predators in pest 
management programs.
Vinson (1976) divided the process of host selection into host habitat location, host location, 
and host acceptance. Potential sources of initial chemical stimuli may emanate from the host 
food plant, from the insect, or from non-host organisms associated with the host insect or its 
habitat. These chemical cues help the predator orient toward the proper habitat and permit
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the predator to continue Its random searching behavior from a broad to a more restricted area. 
This increases the predator’s chances of contacting prey.
Semiochemicals are chemical substances involved in chemical interactions between 
organisms. They are subdivided into pheromones and allelochemicals. Pheromones are 
chemical cues that mediate interactions among individuals of the same species.
Allelochemicals are chemical substances that mediate interaction among members of different 
species. Allelochemicals can be subdivided into three groups based on their origin and the 
behavioral response they elicit. Kairomones are interspecific chemical communicating agents 
that benefit the receiver and not the emitter. Allomones, on the other hand, are chemicals 
that benefit the emitter rather than the receiver. Synomones benefit both the receiver and the 
emitter (Nordlund and Lewis 1976).
Although the role played by chemicals in predator behavior towards prey is not as well 
established as that of parasitoids, the influence of allelochemicals on behavior is becoming 
more widely recognized. Wilbert (1974) reported that the aphid predator Aphldoletes aphidmifa 
(Rondi) could locate its host by chemical perception over a short distance. Holldobler (1969) 
observed that host location by the staphylinid ant predator Atemelee pubicollie (Bris.) involved 
odor. These examples seem to be short-range orientation factors for host location rather than 
for host habitat location. Wood et al. (1968) found that the clerid predator Enoclerus lecontei 
(Wolcott) and the ostomid predator Temnochila virescens chlorodla were both attracted to the 
sex pheromone of their bark beetle prey, fpg confusus (LeConte), under laboratory and field 
conditions. Vite and Williamson (1970) found that both sexes of the clerid predator 
Thanasimus dubius (F.) responded to frontalin, a pheromone released by its prey, the southern 
pine beetle, Dendroctonus frontalis (Zimm.).
The above examples showed predators responding to kairomones produced by the prey. Some 
predators can produce allomones which can attract the prey to them. Weaver et al. (1975) 
showed that the assassin bug Aoiomerus pictipes. attracted stingless bees by using chemicals 
that mimic the pheromone of the bee. Jacobson (1911) noted that the assassin bug Ptilocerus 
ochraceus produced a glandular secretion that attracted ant. Eberhard (1977) found that 
several Mastoohora bolas spiders could attract male fall armyworms, Soodoptera frugioerda 
(Smith), by mimicing the female armyworm’s sex pheromone.
Allomones and kairomones involved in host location by predators offer a new concept and 
potential for manipulating predators to regulate pest populations. Furthermore, the 
identification of host habitat orienting chemicals emitted from the host insect or the host 
plant may also have some practical use in predator manipulation. These chemicals could 
perhaps be used to attract more predator insects to pest infestations. They may also be 
important in attracting predators to those crops or habitats that lack the proper orientation 
cues.
Doutt (1964) found that the leafhopper egg predator, Cvrtorhinus mundulus (Breddin), occurred 
in higher numbers on sugarcane plants than on adjacent com plants even though larger 
populations of a more suitable prey were present in com. Apparently an unknown factor in 
sugarcane either prevents the predator from moving onto the com plants or arrests them on 
the sugarcane plant. The provision of an attractant or a long distance orientation factor to 
com by selective plant breeding or application of an attractant could result in the attack of 
com pests by a predator normally associated with sugarcane. Therefore, the breeding of any 
plants that produce allelochemicals that can cause an increase in predator activity would 
increase that plant's resistance to pest insects.
Flower scents can attract and/or arrest potential predators of herbivorous pests. Many such 
predators are carnivorous as larvae but require nutrition from flowers as adults (Hagen 1986). 
Plant pollen and nectaries can increase the life spans and fecundities of predators which can 
in turn lead to increased mortality of insect pests. Schuster et al. (1976) noted higher predator 
populations of green lacewings, minute pirate bugs, two coccinellids, and one Nabis sp. in 
cotton with nectaries then in nectariless cotton. They concluded that the extrafloral nectaries
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supported small predator populations that protected the plant from pest insect attack. These 
"insectary plants" with floral and extrafloral nectaries aid in the maintenance of predators by 
providing alternative energy sources and prey.
Plant breeders could strive to increase substances in the plant that are attractive to predators. 
Breeders should not only examine predator attractants that could be released at the site of pest 
feeding, they should also breed for an increase in flowers, nectar, and extrafloral nectaries.
Hagen et al. (1971) found that an artificial honeydew preparation applied to crops attracted the 
green lacewing, Chrvsopa camea (Stephens), and promoted feeding and opposition. They also 
found that artificial honeydew attracted and sustained syrphid fly adults. Saad and Bishop 
(1976) found that a mixture of artificial honeydew and aphid juice applied to potatoe fields 
attracted CL camea, a syrphid Sphaerophoria cvlindrica (Say), two coccinellids, Coccinella 
transversoguttata (Brown) and Hippodamia spp., and the bigeyed bug, Geocorus pallens (Stal). 
Similarly, application of food sprays on cotton and alfalfa increased predator numbers which 
resulted in a decrease in pest numbers (Hagen et al. 1971). The amino acid tryptophan was 
identified as the source of attraction for green lacewing adults (Hagen et al. 1976). VanEmbden 
and Hagen (1976) performed olfactometer tests using CL camea and found the attractive 
component in tryptophan to be indole acetylaldehyde, a tryptophan oxidative product. 
Chrvsopa adults have also been found to respond to chemical attractants such as methyl 
eugenol and terpenyl acetate (Hagen et al. 1976). The chrysopid C. basalis (Walker) was also 
found to be attracted to methyl eugenol (Suda and Cunningham 1970). Caltagirone (1969) 
discovered that the chrysopid £L niffricomis (Burmeister) was attracted to terpenyl acetate laced 
food baits in peach orchards. These responses are all suspected to be related to host habitat 
finding.
Kesten (1969) found that the ladybeetle adult, Anatis ocellata (L.), finds its prey, the pine aphid, 
Schizolachnus peneti. by responding to aromatic substances from pine needles. Flint et al. 
(1979) found that the collops beetle, Collops vittatus. a predator in cotton fields, was attracted 
to caryophyllene oxide, a compound produced by cotton foliage. He also noted that C. camea 
was attracted to caryophyllene oxide. Reid and Lampman (1989) performed olfactometer tests 
on various extracts of com silks and found that the predator Orius insldiosus (Say) was 
attracted to volatile components in a hexane extract of com silks. Cups filled with com silks 
and coated with a sticky substance caught more £L insidiosus than an empty cup covered with a 
sticky substance (Reid, unpublished). These responses were also assumed to be host habitat 
finding mechanisms.
A promising approach for predator augmentation could be the application of food sprays with 
attractive kairomones. It could first provide a supplemental food source necessary to sustain 
and stimulate egg production prior to pest outbreaks. Secondly, it could conserve field predator 
populations during times of low prey density; and thirdly, it could be used to increase predator 
populations prior to pest population increases.
TD
Artificial honeydew in the form of Wheast plus sucrose was found to be an arrestant for
several immature coccinellids but was not attractive to adults (Hagen et al. 1971). Hagen and 
Bishop (1979) reviewed research on the use of artificial honeydews to attract, arrest, and 
stimulate egg production in various chiysopids, coccinellids, and syrphids. The approach was 
successful in reducing aphid populations in cotton, bell peppers, and alfalfa.
Sucrose sprays on com increased the chrysopid population which in turn reduced the European 
com borer population (Carlson and Chiang 1973). Schiefelbein and Chiang (1966) discovered 
that a sucrose spray on com increased the coccinellid, IT converge ns. adult population and the 
chrysopid egg and adult populations that in turn suppressed the com leaf aphid population.
Once a predator reaches the hosts' habitat, it must begin to search for the host. Depending on 
the predator, the insect may randomly search the entire plant within the habitat or may 
respond by searching only certain parts of the plant. Larval Coccinella septempunctata do not 
search on plants previously searched unsuccessfuly. During searching this coccinellid releases
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a pheromone to mark the plant so that the predator can conserve time and energy by not re­
searching unrewarding areas (Marks 1977). Identification and use of such chemicals could aid 
in removing predators from a proposed area of insecticide use, then could be used to return the 
predator to the field after spraying was completed.
Various chemical stimuli from the host, host damage, or host associated organisms can also 
play a major role in host finding. Podisus maculiventris (Say) is able to orient to Trichoplusia 
ni (Hubner) larvae via a chemical emitted either from the larvae or from injured soybean 
plants (Greany and Hagen 1981). Lewis et al. (1977) showed that the larvae of camea 
responded to a chemical released from adult Heliothis spp. wing scales. They used a hexane 
extract of the wing scales to increase the predation of £L zea eggs by stimulating searching 
behavior of CL camea larvae in the laboratory. Other studies have shown host body odor to 
elicit searching, orientation, or attack in carabid beetles (Emsting et al. 1985), predaceous 
mites (Sabelis and van de Baan 1983), and coccinellids (Colburn and Asquith 1970).
Predaceous mites also respond to house fly kairomones (Farish and Axtell 1966). McLain 
(1979) observed three species of predatory pentatomids following the terrestrial trails of 
caterpillars. The predators also responded to artificial trails made with H  ni frass or 
hemolymph drawn on paper. The odor of frass or webbing from herbivorous mites stimulates 
predator mites (Hislop and Prokopy 1981). Several aphid eating coccinellids are able to cue in 
on ant pheromone trails and locate aphid prey (Bhatkar 1982).
The identification of effective stimuli for oviposition may enable us to manipulate the 
production and distribution of a predator's eggs and thereby increase its efficiency as a 
mortality agent against pests. Boldyrev et al. (1969) found four coccinellids attracted to juniper 
wood odors for oviposition. Water and ethanol extracts of various plants increased oviposition 
of some coccinellids (Smith and Williams 1976). Aphid odor is both an arrestant and an 
oviposition stimulant for the syrphid fly Svmhus corollae (Bombosch and Volk 1966).
A  problem encountered in the release of natural enemies is retaining them in the area of 
release. In many instances, upon release, the insect rapidly disperses by flight. Kairomones 
may be used to retain released predators in the released and target areas. Even more intriguing 
is the possibility that predators can be directed towards specific crops and hosts. If an area of 
a field needed to be treated with a pesticide, one might be able to move predators out of the 
insecticide spraying area then re-direct the predator back into the area after toxic residues 
have declined (Reid 1989). Kairomones could also be used on traps to survey for the presence 
and abundance of predators.
The incorporation of feeding and ovipositional stimulants into artificial diets may be an 
important step towards the development of new methods for mass production of predators. 
Allelochemicals could increase the acceptability of artificial foodstuffs which could be used in 
place of natural prey in mass rearing programs. Perhaps with kairomone manipulation, non­
host insects that are cheaper and easier to rear could be converted into acceptable hosts for 
mass rearing procedures. This, in turn, could cut production costs.
Research on semiochemicals that affect predators is leading toward the development of 
alternative methods of pest management. These attractants are usually species specific and 
should cause little or no adverse effects on non-target organisms. The use of these novel 
approaches will avoid or minimize the environmental hazards often associated with broad- 
spectrum insecticides. The implication of these augmentation techniques may seem rather 
speculative, but with the increasing numbers of known and identified products, the use of these 
chemicals in conjunction with other available pest control techniques may prove to be 
extremely effective.
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The Fundamentals of Adjuvant Technology
P. Zomer
A great deal of detailed knowledge goes into the successful development of an adjuvant, and 
this knowledge is important in understanding how to use a commercial adjuvant correctly. 
However, rather than concentrating on how herbicide efficacy responds to adjuvant volume, 
carrier volume, species effects, or other specific details, I would like to give you some brief 
insight into how and why industry is developing new adjuvants. In other words, I am going to 
concentrate on how the physical interaction between weeds, an herbicide, and the environment 
folds into the industrial discovery research process.
A major basis of any successful research program is for it to have a strong conceptual 
foundation. For adjuvants, two important and somewhat conflicting timbers have to be placed 
in this foundation. They are:
1. Scientists and their organizations have to believe that adjuvants are useful;
2. All people involved have to understand that adjuvants cannot solve all herbicide 
performance problems.
Relative to the first point, it may seem somewhat trite to say that you have to believe that 
adjuvants are useful, but it is amazing how many people think of adjuvants as various forms 
of snake oil or fairy dust. The utility of adjuvants is suspect and, therefore, research to 
optimize their use is suspect as well. Obviously, this type of attitude makes research directors 
and vice-presidents hesitant to provide resources to support adjuvant research.
Such an attitude is surprising in a large company. It is surprising because companies will 
readily spend tens of millions of dollars and several years optimizing organic molecules by 
structural modification in order to obtain the best possible product. Then, after all this costly 
optimization, they turn around and throw these same compounds outside, naked and 
unprotected against the rigors of mother nature. As a result, a great deal of the chemical 
optimization is lost because you have to put alot of "fat" into the application rates in order to 
make up for the environmental stress.
Once people have been convinced about the utility of adjuvants, it is important to prevent them 
from taking that belief too far. One adjuvant cannot solve all problems, but people tend to 
extend the beneficial properties of one adjuvant with one compound across several compounds. 
This is bad because these expectations are never met, and, as a consequence, negative attitudes 
toward adjuvants are reinforced. This type of cyclical appreciation of adjuvant benefits has 
limited the support of adjuvant research. This cycle can be broken only by establishing 
realistic goals and by educating people to the fact that adjuvants act on specific - not general - 
problems.
In performing research, scientists first need to identify the performance problem before trying 
to solve it. Screening procedures for adjuvants cannot be properly designed unless the problem 
is understood and unless the environmental conditions that support the problem can be 
duplicated. Basically, discovery research needs to be based upon the premise that if you do not 
know where you are going, you may end up somewhere else. I have some examples from the 
various companies for which I have worked that illustrate this fact.
The first of these examples deals with tridiphane. Tridiphane is currently sold as TANDEMR 
herbicide by the Dow Chemical Company as a postemergence herbicide for com. Tridiphane is
133
an atrazine synergist. This means that postemergence applications of the two compounds give 
far greater control of grass weeds than either compound does alone. The problem with the 
combination is that efficacy can be fairly variable under various environmental conditions.
Tridiphane is a volatile compound, and this volatility was initially thought to be a source of 
the variability in efficacy. Only about 7 to 10% of applied compound actually gets into the 
plant and stays there. Thus, we focused a great deal of research on reducing this volatility by 
using new adjuvants and formulations. Eventually, volatility was reduced, but unfortunately 
this had little effect on stabilizing performance under "real world" conditions. This was 
disappointing, but separate research showed that the basis of the efficacy problem was not 
tridiphane volatility, but rather was related to the kinetics of atrazine uptake into the plant.
A great deal of time and money had been spent on solving the wrong problem. We needed to 
concentrate our efforts on getting atrazine into the plant, not tridiphane.
A second example arises from work at BASF to develop a specific adjuvant for sethoxydim 
which is commercially sold as POAST R herbicide. Sethoxydim is another compound for 
which efficacy in the fields was not nearly as consistent as greenhouse tests indicated that it 
should be.
It was known that the foliar uptake of sethoxydim could be limited in various environments.
It was suspected that various commercial adjuvants were not getting sethoxydim into the plant 
as consistently as possible. Thus, a large effort was made to screen for materials which would 
facilitate uptake across a wide variety of environments. It was felt that selling an adjuvant 
specific for sethoxydim would decrease variability in performance of the product across the 
variety of environments where it would be used.
Screening procedures were set up to measure uptake, and several experimental adjuvants were 
developed which increased the rate at which sethoxydim was taken up. Unfortunately, the 
performance of these experimental adjuvants relative to commercial adjuvants was less than 
consistent. Minimal differences were seen in greenhouse tests. A result of this testing was that 
we had a difficult time trying to optimize the adjuvant system. Our own tests were not 
consistent enough. A fortunate observation, however, led to the understanding that 
sethoxydim was sensitive to degradation by ultraviolet light. This led to the realization that is 
was not simply the absolute amount of sethoxydim that got into the plant that was important. 
The important relationship was the residence time on the leaf surface relative to the intensity 
of ultraviolet light. Consistency in sethoxydim efficacy was a function of differences in how 
much photodegradation occurred in various environments. In order to optimize an adjuvant 
system, we simply had to make sure that our screening system included an exposure to 
ultraviolet light. This led to the concept that the best way to avoid the effect of differences in 
exposure to ultraviolet light across environments was to increase the rate of sethoxydim 
uptake to the point that the rate of UV degradation would have minimal effect. This research 
led, in turn, to the commercialization of DASH R adjuvant.
My final example is not based on an actual experience, but rather it reflects a current problem 
that hopefully can be solved much faster by using past experiences as a guide. Mycogen 
Corporation is involved in developing bioherbicides. The concept is to find microorganisms 
that attack only specific weeds and to use them on a commercial basis to control these weeds. 
However, variations in the environment are no less a problem with a microorganism than 
they are with an organic compound. A pathogen’s ability to infect a weed is dependent upon a 
specific set of conditions at the surface of the leaf. Efficacy is excellent if the conditions are 
correct, but efficacy can be poor if one or more important variables is not correct. Adjuvants 
are a very useful tool in creating this micro-environment, but our research is not going to be 
based on assumptions across all plant-pathogen interactions. We are first trying to understand 
what the specific problems are before we tiy to resolve them.
In conclusion, I would emphasize that this need to understand the basic problem is the 
foundation of successful adjuvant research. This makes adjuvant research a challenge relative 
to classical product discovery because researchers cannot set up routine screening procedures
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that are equally appropriate for all herbicides be they organic molecules or weed pathogens. 
Each problem of product optimization is different and thus the solution will be different. 
However, the benefit of all this arduous research is that one can clearly demonstrate and 
explain the value of adjuvants as tools to help control agronomic pests.
135
Improving Postemergence Herbicide 
Performance with Adjuvants
R. Liebl
Postemergence herbicides have become increasingly important in weed management 
systems. These herbicides provide excellent control of many economically important 
weeds which are poorly controlled by soil-applied herbicides. In addition, as public 
concern for environmental contamination increases, herbicides that are applied 
postemergence offer considerable advantages over the soil-applied products. The use of 
postemergence herbicides allows the grower to adopt an integrated pest management 
(IPM) approach, using herbicides only when economically damaging weed infestations 
exist. In addition, many post emergence herbicides have soil activities and/or use rates 
that would have a limited impact on the environment, particularly on groundwater.
Despite many benefits, postemergence herbicides have not been widely adopted in the 
com-belt. Among the various factors cited for limited acceptance of these herbicides, 
the lack of consistent control is often mentioned. Many factors influence the 
performance of postemergence herbicides; plant factors such as species and growth stage 
are important as are a host of environmental factors including temperature, light wind, 
humidity, and rainfall. Additional physical variables such as equipment, water quality, 
and spray additives can also greatly influence the final results of the treatment.
Spray adjuvants are often used with postemergence herbicide treatments to maximize 
control and minimize inconsistency caused by plant and environmental factors. The 
inclusion of adjuvants, therefore, offers considerable economic and environmental 
benefits since the rate of an expensive or potentially toxic herbicide can often be 
reduced without limiting control. Adjuvants act by a combination of improved 
deposition and retention on the leaves as well as improved penetration through the 
cuticle. These spray adjuvants, sometimes referred to as additives, include a wide 
variety of substances, surfactants, emulsifiers, wetting agents, crop oils, and, most 
recently, fluid fertilizers. The purpose of this paper is to review the role of adjuvants on 
foliar-applied herbicide performance. In addition, evidence will be presented to suggest 
that adjuvant effects are species-specific and that through proper selection of an 
adjuvant herbicide rates could be reduced.
CUTICLE STRUCTURE AND PENETRATION
Before any foliar-applied herbicide can perform its desired biological action, it must be 
transferred from the area of spray impact on the leaf into plant tissue. The aerial parts 
(leaves, stems, flowers, and fruits etc.) are covered, with exception of stomatal openings, 
by a continuous non-cellular non-living membrane called the cuticle. It is the first 
barrier that must be overcome by any herbicide applied to above-ground plant parts. 
Thus the efficiency of cuticle retention, wetting, and penetration is the first factor 
which may determine herbicide activity. The plant cuticle ranges in thickness from 0.5 
to 15pm and is composed of cutin and wax. Cutin is the major structural framework of 
the cuticle and is composed of crosslinked hydroxylated fatty acids commonly of 16 or 
18 carbons. The wax is divided between that occurring within the cutin (embedded) and 
that on the surface (epicuticular). Typically these waxes consist of mixtures of long- 
chain alkanes, aldehydes, ketones, esters, alcohols, and fatty acids. Thus plant cuticles 
will have a range of hydrophilic/lipophilic character depending on the relative 
amounts of individual wax and cutin components in the cuticle. The overall structure 
is so heterogeneous that it is not possible to generalize about its morphology and 
construction. Many have likened its construction to a sponge. The matrix of the
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sponge corresponds to the cutin, whereas the holes correspond to the embedded wax.
The surface of the sponge is covered with variously shaped epicuticular wax. The cuticle 
structure and composition is such that both lipoidal and aqueous routes are available 
for herbicide penetration.
Ample evidence Indicates that waxes are the principal barrier restricting herbicide 
movement Into plant foliage. Less well documented Is how surface wax reduces pesticide 
uptake. Little correlation exists between wax thickness and penetration. This suggests 
that the chemical/physical properties of the wax may be more important than the 
actual amount. Surface wax high in hydrocarbons, long-chain aldehydes, and ketones 
are less permeable to water than cuticle membranes high in polar esters and alcohols. 
There is evidence to suggest that the non-polar hydrocarbons and aldehydes also limit 
pesticide uptake. Common lambsquarters surface wax has a high aldehyde content 
which may impede the passage of polar herbicide molecules. Researchers at Michigan 
State University found that NAA penetration into peach leaves decreased as cuticle 
alkane content increased with leaf age. Changes in herbicide retention with leaf age 
have also been linked to changes in leaf wax chemistry over time.
Experimental data strongly suggests that surface waxes are the primary barrier 
restricting herbicide movement into plants and that certain wax components may be 
more effective than others. Since the composition of waxes from different species 
varies substantially, it can be expected that cuticle permeability to a given herbicide or 
additive spray will differ among species. The situation is complicated by the limited 
information available on the cuticle composition of weed species.
CUTICLE PENETRATION, INFLUENCE OF ADJUVANTS
The exact manner in which a herbicide spray adheres to and penetrates the leaf surface 
is a function of the herbicide, leaf surface, and physical and chemical properties of the 
spray. This complex interrelationship can be modified by the addition of adjuvants. 
Adjuvants are added to herbicidal sprays to modify the characteristics of the spray or to 
enhance the activity of the herbicide. Types of adjuvants include surfactants, oils, and 
salts. Physicochemical properties of the spray solution influenced by adjuvants include 
surface tension, density, volatility, and solubility. These properties will in turn modify 
the spreading, retention, and penetration of the spray solution. Although we recognize 
the importance of adjuvants for optimizing the activity of postemergence herbicides, the 
role of adjuvants is complex and not well understood.
SURFACTANTS
The presence of epicuticular waxes makes leaf surfaces difficult to wet with aqueous 
solutions. It was originally thought that surfactants enhanced herbicide effectiveness 
solely by reducing the surface tension of the spray solution thus enhancing leaf 
wettability and cuticle penetration. However, the interactions between surfactant, 
herbicide, and plant surface are far more important than the ability of the 
surfactant/herbicide solution to lower surface tension. We now know that surfactants 
exert their greatest biological effectiveness at concentrations in excess of that required 
for maximum reduction in surface tension. It has been suggested that at higher 
concentrations surfactant molecules aggregate to form micelles with lipoidal properties 
capable of solubilizing leaf wax. Studies using ^  C-labeled surfactant molecules have 
shown that these molecules can penetrate the cuticle. However, their effects appear to 
be confined to penetration processes at the site of herbicide entry. Once inside the plant 
tissue, surfactants may continue to affect herbicide uptake by disrupting cell membrane 
permeability.
Since surfactants are capable of penetrating into lipid fractions, surfactants will affect 
the solubility of herbicides in the lipid fraction as well as the partitioning of the 
herbicide into and out of the cuticle. Analogous to octanol/water partition coefficients,
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cuticle/carrier (water + surfactant) coefficients can be used to quantitatively express 
sorption of chemicals into cuticles and to relate sorption to permeability. Assuming 
there is optimum partition coefficient for each herbicide-plant cuticle system, the 
addition of a surfactant could either increase or decrease (negative results have been 
reported for various surfactants) the biological activity depending upon whether the 
surfactant is moving the herbicide partition coefficient toward or away from optimum. 
Lipid solubility and effects on partitioning are attributable to physical/chemical 
properties of the surfactant. Since surfactant molecules contain both lipophilic and 
hydrophilic properties they can be variously synthesized to achieve specific solubility 
characteristics or hydrophilic-lipophilic balance (HLB). The capability of a surfactant 
to modify herbicide penetration is partially attributable to the HLB, with each pesticide- 
species system having an optimum HLB requirement for surfactant employed. Studies 
have shown that differences in the phytotoxicity of herbicide-surfactant mixtures are 
associated with variation in both the hydrophilic and lipophilic portions of the 
surfactant molecule.
The ability of surfactants to aid herbicide penetration by solubilizing waxes would 
indicate that surfactants differ in their response to specific species since the wax 
content can vary among species. Studies that have evaluated the effect of surfactants on 
herbicide efficacy revealed that surfactant performance could only be predicted if the 
appropriate target species was considered. Such studies suggest that herbicide toxicity 
to plants is influenced by the molecular structure of the surfactant and that the 
chemistry of the cuticle (probably waxes) determines surfactant performance.
OILS AND SALTS
The use of phytobland oil-surfactant blends as spray adjuvants has become widespread 
within the last 20 yr. Phytobland oils enhance herbicide absorption and, like 
surfactants, the effects of oils can be species specific. The merit of using ammonium 
salts (in the form of liquid fertilizers) to enhance herbicide performance has been 
recognized in the past few years. The addition of nitrogen fertilizer solutions to 
herbicide sprays has resulted in improved control of some weeds (Table 1). Velvetleaf 
(Abutilon theophrasti) is particularly responsive to the addition of fluid fertilizers to 
the spray mix. Velvetleaf control with various herbicides has been improved 10 to 25% 
by the addition of 1 gallon per acre of 28% nitrogen to the spray solution compared to 
crop oil. However, The control of many monocots such as foxtail and com are 
unaffected by the inclusion ammonium fertilizer solutions. It is not clear how 
ammonium salts are able to improve herbicide performance of certain species.
The obvious interactions between adjuvant, herbicide, and species strongly suggests that 
the required physical/chemical properties of an adjuvant should vary with different 
herbicide-species combinations. The large number of possible combinations of 
surfactants, crop oils, and fertilizer solutions has created many questions about which 
additives are best. However, the relationships between plant, herbicide, and adjuvant 
are poorly understood and more information on the ways adjuvants modify cuticles and 
herbicide performance is needed. Once determined, such information will allow mixing 
and spraying techniques that will result in enhanced performance, reduced rates, and 
fewer unwanted side effects.
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Table 1. Effect of additives on herbicide performance
1
Hebicide Additive Control
Velvetleaf Foxtail Com
Imazethapyr nothing 40 0 0
COC 87 85 10
UAN 90 0 5
Dash 95 98 50
Acifluorfen nothing 0
NIS 10
UAN 78
Dash 43
1
NIS = nonionic surfactant; COC = crop oil concentrate; UAN = urea and ammonium 
nitrate, 28%N; Dash = surfactant from BASF.
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Crop Growth Problems: The Look Alikes
R. Hoeft
The saying "Things may not always be as they seem" certainly has held true In trying to 
diagnose crop production problems in the last few years. As producers strive for more efficient 
production using new varieties, products, and production techniques, the margin of safety has 
been narrowed. Many of these new practices and products seem to be interactive. A  small 
change in the environment or a slight error in use of a practice may result in the expression of 
crop growth problems. In some cases, the symptoms are similar to some of the older problems, 
but, in actuality, the cause is from a new problem. The purpose of this paper is to look at the 
possible causes of some of the more common symptoms.
CORN PROBLEMS:
Onion leaf: Failure of the new leaves to unfurl from the whorl in com may be caused by
calcium deficiency, boron toxicity, biuret damage, and meristematic inhibiting (alachlor or 
metolachlor) or growth hormone (2,4-D or dicamba) herbicides.
Calcium deficiency will only occur on soils that have pH levels less than 5.0. Other 
symptoms such as purpling from P deficiency or stunting will usually occur prior to the 
observation of Ca deficiency.
Boron toxicity may occur if it is sprayed directly on the growing plant or placed near 
the seed at planting time. Since B deficiency has not been observed on Illinois soils for 
either com or soybean production, avoid the use of B.
Biuret, a compound contained in low concentrations in urea containing fertilizer 
products is extremely toxic when seed placed or foliarly applied. Concentrations of 
2.5% reduced wheat stand by over 50% when urea was applied at 40 lbs. N/acre. With 
com, some of the plants that do emerge, exhibit onion leaf symptoms. We are not aware 
of any problems when soil applied on a broadcast basis.
Growth hormone herbicides such as 2,4-D or dicamba may exhibit the symptoms if 
sprayed on plants that are rapidly growing when the temperatures are high. Symptoms 
associated with the use of meristematic herbicides are more likely to be exhibited in 
cool, wet springs when emergence is delayed. This will be especially true if the variety 
has a low vigor score.
Purpling: During the early part of the growing season this is often diagnosed as phosphoms 
deficiency. It may be caused by lack of available P, but more often is due to factors causing 
root inhibition such as acid soils, ammonia toxicity, carryover of dinitroaniline herbicides, 
compaction, or insects.
Acid soil or ammonia: Root inhibition due to either of these problems is easily 
determined with quick tests in the field. A pH test of the area will quickly indicate if 
acid soils are the problem. Similarly, a pH test in the affected root zone will indicate 
the likelihood of ammonia damage. In the case of ammonia, the pH will be high if the 
test is made soon after the problem is noted or low if considerable time elapses. Urea, 
either dry or liquid, placed in a concentrated band close to the seed may also cause root 
inhibition through the release of ammonia. Placement of urea containing materials 
near the seed is not recommended as urea inhibits the uptake of phosphorus.
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Herbicide carryover: This problem is frequently associated with delayed planting of 
soybeans, followed by an abnormally dry summer and a cool dry spring. The presence 
of swollen or stubby roots devoid of root hairs provides strong evidence of the problem.
Compaction: Lack of root proliferation, particularly if the roots appear to be 
"pancaked" provides strong evidence of the problem. Watch for patterns to appear when 
diagnosing this problem.
Insects: There are a number of insects that could cause this problem. Look for root 
feeding.
Yellowing: Causes of this problem may include lack of or positional unavailability of N, K, or 
S; carryover of meristematic or photosynthetic inhibitors: excessively wet soils; or 
compaction.
Nutrient deficiencies: Nitrogen and potassium deficiencies begin on the older tissue
(lower leaves) and progress upward. Nitrogen fires from the tip down the midrib, 
whereas potassium fires from the tip down the margins. Sulfur deficiency starts as a 
yellowing of the new growth, and under severe deficiency, the upper leaves may turn 
white.
Herbicide carryover: This is often related to abnormally low rainfall between time of 
application and planting of the following years crop. The presence of high pH levels 
enhances the problem with many of the herbicides.
Wet soils: Excessively wet soils result in denitrification or leaching of available N from 
many soils. In addition, the wet soils inhibit root proliferation and thus nutrient 
uptake.
Wilting or stunting: Many of the same problems causing purpling or yellowing will also cause 
stunting if the problem is severe enough to impede water uptake. In addition, salt damage from 
saline soils or from placement of fertilizer near the seed will also cause the problem.
SOYBEAN PROBLEMS
Puckering: Acid soils (manganese toxicity), boron toxicity, herbicide drift, biuret, and 
environmental conditions have all been shown to be responsible for puckering or cupping of 
soybean leaves.
Acid soils: There may be sufficient free manganese present on acid soils to be toxic. 
Symptoms include crinkled leaves with cupping of the outer leaf margin of the younger 
leaves first. This problem would not be expected at soil pH levels greater than 5.5.
Boron toxicity: Affected plants will be stunted. The leaves are crinkled, with the edges 
cupped either up or down. Dying begins at the leaf margins without any previous 
yellowing, followed by spreading of dead areas over the entire leaf. This may result 
from either the direct application of boron to the growing crop or residual from that 
applied in the prior year. The latter will be more likely to occur in years following a 
drought.
Herbicide drift: This type of injury is most common from drift of Dicamba or 2,4-D. 
Both herbicides cause a crinkling or ruffling of the leaves. The difference between them 
is that Dicamba affected leaves will become cupped, whereas 2,4-D usually gives more 
parallel veination or strapping. In most drift cases, the damage will seldom be uniform 
across the field. There will usually be a gradient of damage. Similarly, I am not aware 
of any situation where drift occurs on one, but not an adjacent row all the way through 
the field as was reported in some cases in 1989. If the damage does not exist as a 
gradient across the field, I would look for other causes.
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Biuret: As indicated earlier, biuret is contained in virtually all urea containing 
fertilizers including urea-ammonium nitrate (UAN) solutions. Since UAN is used as a 
surfactant with the application of some postemergence herbicides, experiments were 
conducted in 1989 to determine if it might cause injury symptoms. In one study, rates 
as low as 0.1 pounds biuret per acre caused puckering and cupping of soybean leaves 
similar to that observed with dicamba injury. In a related experiment with double crop 
soybeans, symptoms were not observed even at rates as high as one pound per acre. 
Reasons for these differential responses were not readily apparent. It is suggested that 
caution be used to insure that UAN solutions contain less than .05% biuret.
Environmental conditions: Adverse weather such as the cool dry spring experienced in 
1989 may interact with any of the above to magnify the problem.
Necrosis and chlorosis: Symptoms from nutrient deficiencies, herbicide carryover, and 
nematodes were noted in 1989. In many instances, chlorotic and or necrotic soybean leaves 
were an indication of manganese deficiency induced by high soil pH. Interestingly, in 1989, 
many of these symptoms were also associated with soybean cyst nematode. In some cases, 
even though chlorosis was not exhibited, the nematode level was as high outside the chlorotic 
area as within the high pH zone. Most soybean varieties will exhibit manganese deficiency at 
pH levels of 7.3 or higher. Sulfonylurea or imidazolinone herbicides may cause yellowing or 
"golden top" soybeans. This has been confused with both nematode damage and K deficiency. 
The herbicide injury appears first on the younger tissue, whereas K deficiency will appear first 
on the older leaves.
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Alfalfa Insect Management for 1990: 
New Thresholds and Guidelines
K. Steffey, H. Oloumi-Sadeghi, and K. Kinney
For those alfalfa growers who were on their toes in 1989, alfalfa insect management finally 
came into its own. Entomologists implore producers every year to be prepared to manage 
alfalfa insects, but the benefits of regular and timely field monitoring were never more evident 
than they were in 1989. Those growers who were alert were able to produce reasonable yields 
of high quality alfalfa despite the threat from insect damage. Those who were not alert 
suffered the consequences.
The two key pests of alfalfa, the alfalfa weevil and the potato leafhopper, both caused 
significant damage In many fields throughout Illinois in 1989. The weather of 1988 was 
favorable for alfalfa weevil survival and development, the winter of 1988-89 was not 
particularly harsh, and populations of overwintering eggs were extremely large. As a 
consequence, the extent of weevil injury in 1989 was not surprising. Alfalfa weevil larvae 
caused economic injury to alfalfa in southern Illinois as early as the first week in April. From 
that significant beginning, alfalfa weevils continued to plague growers for the next 12 to 13 
weeks. The larvae fed extensively on the first crop of alfalfa, and complete defoliation 
occurred in many fields. The later maturing larvae and newly emerged adults then combined 
their efforts to prevent regrowth after the first cutting was made. Some observers reported 
delays in regrowth that lasted for three to four weeks.
By early June, while alfalfa weevils were still causing economic damage, potato leafhoppers 
had begun to increase in numbers in several areas of Illinois. Even as the weevil pressure was 
subsiding, the leafhoppers began inflicting their own unique form of injury. Alfalfa fields 
were showing the typical symptoms of leafhopper feeding damage, i.e., yellowing, stunting, and 
delays in maturity. By the end of June, many alfalfa producers were using insecticides to 
control economic levels of potato leafhoppers. Large populations of leafhoppers persisted well 
into August before their numbers began to decline naturally.
This article discusses the basic biologies of the alfalfa weevil and the potato leafhopper and the 
nature of injury caused by both insects. In addition, we address some of the applied research 
regarding insect control that we conducted during the 1989 growing season. Finally, we discuss 
management strategies for both alfalfa weevils and potato leafhoppers. Within this discussion, 
we introduce a new threshold for alfalfa weevils that feed on regrowing alfalfa and share some 
new field scouting techniques for both weevils and potato leafhoppers. The following outline 
will direct you to the principle portions of this paper:
A. Alfalfa Weevil: Description, Life Cycle, and Damage
1. Description
2. Life cycle and damage
3. Impact of alfalfa weevil damage on alfalfa yield and quality
B. Potato Leafhopper: Description, Life Cycle, and Damage
1. Description
2. Life cycle and damage
3. Impact of potato leafhopper damage on alfalfa yield and quality
C. Control Trials in 1989
1. Plot information, methods, and data
2. Insecticides evaluated
3. Discussion of results
4. Conclusions
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D. Alfalfa Weevil Management
1. Field scouting and decision making
a. Illinois guidelines
b. Scouting pattern and frequency
c. New sampling information
2. New threshold for alfalfa weevils feeding on the regrowth
3. Management alternatives
a. Insecticides
b. Timing of harvest and conservation of biocontrol agents
c. Application of insecticides in the fall
d. Host plant resistance
E. Potato Leafhopper Management
1. Field scouting and decision making
a. Field scouting
b. "Action" thresholds
c. New sampling information
2. Management alternatives
a. Insecticides
b. Effect of harvest on leafhoppers
c. Mixture of forage grasses with alfalfa
d. Host plant resistance
e. Summary
ALFALFA WEEVIL: DESCRIPTION, LIFE CYCLE, AND DAMAGE
The alfalfa weevil, Hypera postica, is among the most important pests of alfalfa in the U.S.
The alfalfa weevil was first discovered near Salt Lake City, Utah in 1904, and for nearly 50 
years it remained confined to 12 western states. However, in 1952 the alfalfa weevil was 
discovered in Maryland, and from there it spread rapidly throughout the U.S.
Description
The adult alfalfa weevil is about 3/16 inch long, oval in shape, and light brown in color with a 
darker brown stripe along the center of its back. However, the body coloring changes with age, 
and the stripe may become obscure. The adult beetle also has a distinct snout, characteristic of 
most weevils.
The eggs are tiny (1/32 inch), oval, and light yellow when they are first deposited, but they 
darken with age, becoming nearly black before hatching into the legless larvae. First-instar 
larvae are yellow in color with a distinct black head. The laiva becomes greener with each 
successive molt. A  full grown (fourth instar) larva is 3/8 inch long, has a dark brown head, 
and is bright green with a white stripe down the middle of the back.
Life Cycle and Damage (Edwards et al. 1978; Wilson 1984)
Female weevils deposit their eggs in clusters in alfalfa litter, stubble, and fresh stems. The 
number of eggs in a cluster averages 9 or 10 but may be as many as 40. The female weevil 
chews a small hole in the alfalfa stem and inserts the eggs through the hole. One female may 
lay as many as 1,300 eggs. In southern areas, when temperatures permit, the weevils lay eggs 
throughout the fall and winter as well as in the spring. Some eggs begin to hatch when alfalfa 
starts growing in the spring. In northern regions, most eggs are laid in the spring. By the time 
the eggs hatch, the alfalfa is usually 6 to 10 inches tall and can tolerate more weevil feeding 
than the southern crop.
The eggs begin to hatch in early spring, and the young larvae move to the terminal growth 
where they begin to feed. The initial signs of larval feeding damage are tiny holes in the folded 
terminal leaves. As the larvae grow larger, they move downward on the plants and skeletonize 
fully expanded leaves. A heavily infested field often appears gray or white because of the loss
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of green leaf tissue. Extremely large numbers of alfalfa weevils may consume all the leaves, 
leaving only bare stems in the field. The larvae feed for three or four weeks during which time 
they molt three times. Because population peaks vary in time and intensity from year to year, 
it is difficult to predict when control measures might be necessary.
When fully grown, the larvae spin silken, netlike cocoons on the plants, within the curl of 
fallen dead leaves, or in litter on the ground. They change into adults in one or two weeks. 
Adult weevils emerge from these cocoons and feed on the lower leaves for a few weeks, usually 
causing minor damage. Adults can feather the leaves or damage the stubble shortly after the 
first cutting of alfalfa. Both surviving larvae and newly emerged adults also feed on stem and 
crown buds after the alfalfa has been cut, and this damage can prevent regrowth. This type of 
feeding may deplete energy reserves in the roots and can seriously reduce the vigor of the stand.
After feeding for a short time, the adults leave alfalfa fields to enter a summer dormancy 
period (aestivation) in sheltered sites. Most of the adults return to the alfalfa fields in late 
summer and early fall to feed for a short time, mate, and begin oviposition. With the onset of 
cold temperatures, the weevils enter overwintering sites in the soil around the crowns of the 
alfalfa plants. Adults may become active at any time during the winter if temperatures permit. 
In some northern areas, the adults do not return to the alfalfa fields until the following spring.
Alfalfa weevils are usually a problem only on the first cutting, but, as stated previously, they 
can also cause serious damage to the regrowth, thereby causing yield losses in the second crop. 
In addition, losses caused by the alfalfa weevil are not confined to the cutting on which it 
feeds. Carryover effects from weevils feeding on the first cutting can reduce plant vigor and 
yields of subsequent cuttings.
Impact of Alfalfa Weevil Damage on Alfalfa Yield and Quality
Several researchers have conducted field studies and demonstrated that feeding by alfalfa 
weevils reduces stem length, stem density, percent moisture, and yield of both the first and 
second harvest, and, in addition, delays plant maturity. The effect of alfalfa weevil larval 
damage on forage quality, as measured by crude protein content and in vitro digestible dry 
matter (IVDDM), has been inconsistent. Berberet et al. (1987) demonstrated that significant 
defoliation by alfalfa weevil larvae allows sunlight to strike the soil surface and encourage 
weed growth. The weeds then compete with the alfalfa for available moisture and nutrients in 
the soil. The combined effects of alfalfa weevil larval feeding damage and weed competition on 
alfalfa forage yield and stand retention were greater than the sum of the effect of the pests 
occurring individually.
POTATO LEAFHOPPER: DESCRIPTION, LIFE CYCLE, AND DAMAGE
The potato leafhopper, Empoasca fabae, is the other primary insect threat to the production of 
high-quality alfalfa. However, alfalfa producers have begun to recognize the economic impact 
of this pest only during recent years. Most entomologists throughout the midwestem and 
eastern states agree that the potato leafhopper is probably the most damaging insect pest of 
alfalfa.
Description
The adult potato leafhopper is a tiny, yellowish-green to lime green, wedge-shaped insect about 
1/8 inch long. The nymphs resemble the adults in overall body shape, but they are wingless 
and usually have a more pronounced yellowish coloring. Both life stages are very active 
insects; the adults jump or fly when disturbed, and the nymphs characteristically move 
sideways.
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Life Cycle and Damage (Edwards et al. 1978; Wilson 1982)
Potato leafhoppers cannot survive the harsh winters in the north central U.S. They reproduce 
continuously throughout the winter months in the Gulf states. When their southern legume 
hosts are cut, plowed, or become dry in April, the leafhoppers disperse readily. The airborne 
leafhoppers are carried northward by prevailing currents of warm air. Most of the migrating 
leafhoppers are fertile females.
Potato leafhoppers are first found in alfalfa fields in midwestem states during May and June. 
However, their time of arrival varies each year, depending on weather patterns. They usually 
arrive too late to damage the first crop of alfalfa, but their numbers may increase rapidly to 
damaging levels in June and July. Leafhopper populations begin declining in August, although 
some leafhoppers can be found until the first killing frost.
Female potato leafhoppers insert their eggs into the stems and large leaf veins of alfalfa 
plants. They lay an average of 200 eggs at an average rate of about three eggs per day over six 
to eight weeks. The eggs hatch in six to nine days depending on the temperature. The 
leafhoppers go through five nymphal instars in about two weeks before becoming adults. 
Because the life cycle is short and females lay eggs for six to eight weeks, generations overlap 
throughout the season.
Potato leafhoppers feed on alfalfa plants by inserting their piercing-sucking mouthparts into 
tender plant tissues. They feed primarily on phloem tissues, and the affected cells are 
punctured, tom, or distorted. A salivary product (probably a protein) forms a sheath around 
the stylets of the mouthparts. The sheath material, left in the plant tissues after feeding, 
passes between mesophyll and parenchyma cells but penetrates and fills phloem, and, 
occasionally, xylem cells of the plant.
The initial symptom of leafhopper damage to alfalfa is a characteristic V-shaped yellowing at 
the tips of the leaflets. As the damage progresses, the leaves turn completely yellow and may 
turn red or brown and die. Extensive feeding by the leafhoppers causes the intemodes to stop 
growing, so injured plants are stunted and bushy. Severely damaged fields appear both yellow 
and stunted.
Researchers have determined that the earlier a leafhopper infestation occurs after a cutting, 
the greater the overall damage to the plants. Alfalfa plants in their early stage of growth are 
more vulnerable to leafhopper damage than plants that are more mature. More mature plants 
can support relatively larger populations of potato leafhoppers without exhibiting signs of 
serious damage. The early presence of a few potato leafhoppers in alfalfa fields just after 
harvest is usually more destructive than more intense infestations occurring later in the 
plants' growth stage.
Impact of Potato Leafhopper Damage on Alfalfa Yield and Quality
Potato leafhopper damage to alfalfa may cause three types of losses in alfalfa fields: loss in 
nutritional quality, loss in yield, and loss in plant vigor. Smith and Medler (1959) determined 
that leafhopper feeding causes a chemical change within the plants: the plants produce more 
sugar and less protein and carotene, hence lowering the nutritional value to livestock. Wilson 
(1982) suggested that protein loss occurs very quickly with relatively low insect populations. 
Five percent loss in protein occurred when the leafhopper populations increased from 5 to 50 
leafhoppers per sweep.
Hower and Flinn (1986) examined the effects of feeding by leafhopper nymphs on growth and 
quality of established alfalfa. They determined that nymphal leafhopper feeding affected plant 
height and weight more than it affected percent crude protein and that the damage leafhoppers 
caused to the second crop of alfalfa was greater than the level of damage caused to the third 
crop. The mean percentage reduction in alfalfa height, weight, and percent crude protein 
increased as potato leafhopper densities increased. The percentage reductions caused by one
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and eight leafhopper nymphs per stem on both second- and third-crop alfalfa ranged from 
5.7% to 54.3% (height), 7.8% to 69.6% (dry weight), 5.5% to 28.6% (crude protein), and 6.3% to 
78.3% (total protein), respectively. In most research trials, IVDDM has not been influenced by 
potato leafhopper injury.
Flinn and Hower (1984) discussed the effects of potato leafhoppers’ feeding on seedling alfalfa 
growth. They found that feeding by early-instar (1st and 2nd) nymphs usually resulted in 
much less damage than that caused by late-instar (3rd-5th) nymphs and adults. Fresh weight 
was reduced by as much as 47% to 60%, and dry weight was reduced by as much as 31% to 46%. 
They also found that plant height was more greatly affected at much lower densities of 
leafhoppers than the other plant characteristics examined.
Loss in plant vigor is a potential carryover effect of potato leafhopper damage. Potato 
leafhoppers not only injure the cutting on which they feed, but their damage to one cutting may 
also deplete energy reserves, thereby affecting subsequent cuttings. These effects are reflected 
by slow recovery of regrowth following harvest; stand loss as a consequence of winter kill, due 
to plants entering dormancy in a weakened condition; and loss in yield the following season. 
Wilson et al. (1979) stated that alfalfa has the ability to survive and recover to its full 
production potential after severe insect stress when moisture is sufficient and agronomic 
management is sound. However, they also said that under less favorable conditions, such as a 
lack of adequate soil moisture, insect stress may prevent recovery of alfalfa growth.
Recent research in Missouri has revealed an interaction between moisture stress and potato 
leafhopper injury to alfalfa (Schroeder et al. 1988). The addition of moderate moisture stress 
to alfalfa being fed upon by potato leafhoppers caused a greater reduction in percent crude 
protein than did either leafhoppers or moisture stress alone.
CONTROL TRIALS IN 1989
During the spring of 1989, we established a trial to compare the efficacies of various 
insecticides, both registered and experimental, against alfalfa weevils. We also attempted to 
expand this trial into a complete alfalfa insect management trial by "piggybacking" a potato 
leafhopper insecticide trial onto the alfalfa weevil trial. However, we were unable to apply the 
insecticides when needed on the second crop, so the applications were made to the third crop. 
As a consequence, we were unable to draw any significant conclusions about the effects of a 
complete alfalfa insect management program. We intend to conduct this experiment again in 
1990 to determine the effects of controlling both alfalfa weevils and potato leafhoppers. We 
will then compare these effects with the effects of controlling either one or the other insect and 
not controlling either insect.
Plot Information, Methods, and Data
All of the plot information, methods, and tables of results for this experiment are available in 
the 1989 edition of "Illinois Insecticide Evaluations - Field and Forage Crops." In the interest 
of conserving space, the details of the experiment are not reprinted in this article. If you are 
interested in the data, you may purchase a copy of the aforementioned booklet available from 
the Illinois Natural History Survey.
Insecticides Evaluated
The insecticides evaluated in the alfalfa weevil control trial were Ambush 2E at 0.1, 0.15, and 
0.2 pound of active ingredient per acre (lb a.i./A); Karate IE at 0.015 and 0.02 lb a.i./A; Lorsban 
4E at 0.5 lb a.i./A; MYX 5092 at 7.5 and 30 pounds of product per acre; Pounce 3.2EC at 0.1 lb 
a.i./A; and XRM 5102 at 0.013 and 0.015 lb a.i./A. An untreated check was included within 
each replication of the experiment.
Karate IE is a pyrethroid, not yet registered for use on alfalfa, manufactured by ICI Americas. 
MYX 5092 is an experimental formulation of Bacillus thuringiensis, manufactured by Mycogen
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Corp., that has shown some activity against certain beetle pests. XRM 5102 is an experimental 
pyrethroid manufactured by Dow Chemical.
Discussion of Results
The results from our trial revealed that both Karate IE and XRM 5102 were effective in 
significantly reducing the number of alfalfa weevils per 10 stems for at least 21 days. At 21 
days after treatment, both rates of Karate IE had reduced the weevil population to 1.8 larvae 
per 10 stems. XRM 5102 at 0.013 lb a.i./A and 0.015 lb a.i./A had reduced the weevil 
population to 5.8 and 4.3 larvae per 10 stems, respectively. These numbers compare with an 
average of 98.5 weevil larvae per 10 stems in the untreated check.
Ambush 2E applied at 0.2 lb a.i./A reduced the number of weevils to 16.5 larvae per 10 stems, 
significantly lower than the average number in the untreated check, but significantly higher 
than the average numbers in the best treatments (Karate and XRM 5102). The average number 
of weevils in the plots treated with Ambush 2E at 0.1 and 0.15 lb a.i./A were 42.3 and 33.8 
larvae per 10 stems, respectively. Again, these averages were significantly lower than the 
average in the untreated check, but they were still above the treatment guideline of 2 to 3 
larvae per stem. The results with Ambush 2E reflected the situation that occurred in farmers' 
fields in the spring of 1989, i.e., the lower rates of Ambush 2E did not provide adequate control 
of alfalfa weevil larvae. Essentially the same can be said for Pounce 3.2EC applied at 0.1 lb 
a.i./A where the average number of weevils was 30.6 larvae per 10 stems.
Lorsban 4E applied at 0.5 lb a.i./A initially (within 7-14 days after treatment) reduced the 
number of alfalfa weevil larvae to a level that was significantly lower than the average in the 
untreated check. However, by 21 days after treatment, the average number of weevils in the 
Lorsban-treated plot was 59.5 larvae per 10 stems. Again, this reflected the observations made 
by people who used Lorsban at the low rate in 1989.
MYX 5092 provided no control of alfalfa weevil larvae in our trial in 1989. The average 
numbers of larvae per 10 stems on each sampling date were not significantly different from the 
averages in the untreated check.
Other data collected from this experiment were stem length, plant maturity, forage yield, weed 
yield, and percent crude protein. At 40 days after treatment, the alfalfa plants were 
significantly shorter in plots where alfalfa weevils were not controlled (untreated check and 
MYX 5092). In addition, plants were significantly less mature in these plots. Conversely, 
alfalfa plants were significantly taller and more mature in the plots treated with Karate IE 
and XRM 5102. In plots where the weevils were slightly reduced in numbers, plant height and 
maturity were intermediate.
Overall forage yields were significantly lower in the plots where alfalfa weevil larvae were not 
controlled (untreated check and MYX 5092). However, the yields in the plots treated with all 
other insecticides were essentially equivalent, suggesting that alfalfa plants can compensate 
for alfalfa weevil damage. Interestingly, weed yields were significantly higher in the plots 
where weevils were not controlled. These data agree with the results discussed by Berberet et 
al. (1987) who indicated that when alfalfa weevils are not controlled, more sunlight strikes the 
ground and encourages weed growth.
Conclusions
Two newer generation pyrethroids, Karate and XRM 5102, applied at very low rates show great 
promise for effectively controlling alfalfa weevil larvae. Ambush and Pounce, the currently 
recommended pyrethroids, reduce weevil numbers below levels that would occur in fields left 
untreated, but control may not be acceptable when these products are applied at 0.1 or 0.15 lb 
a.i./A. Lorsban applied at 0.5 lb a.i./A will not effectively reduce the number of weevil larvae 
for more than two weeks. MYX 5092, the experimental B. thuringiensis, did not provide 
control of alfalfa weevils in our trial.
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Alfalfa weevils have a measurable Impact on alfalfa plant height, maturity, and yield.
However, our results indicate that alfalfa will compensate for some weevil damage and 
subsequently produce a reasonable yield.
ALFALFA WEEVIL MANAGEMENT
Field Scouting and Decision Making
Illinois guidelines. In Illinois, the guidelines we recommend for monitoring alfalfa fields for 
the presence of alfalfa weevils and damage are adapted from Circular 1136, "Alfalfa Weevil Pest 
Management Program" (Wedberg et al. 1980). This program suggests a systematic sampling 
scheme during which 30 stems are examined for weevil larvae and 10 stems are measured for 
height. This information is used in conjunction with accumulated degree-day information, 
and management decisions are then made from a chart that incorporates all of the data. 
Unfortunately, the chart sometimes fails to work, particularly in northern Illinois, so further 
refinement is needed. Nevertheless, the scouting program can be utilized to obtain data about 
the average number of larvae per stem and the average height of the alfalfa. As a guideline, in 
lieu of the decision-making chart, treatment may be warranted when you find an average of 2 
to 3 larvae per stem and 25% to 40% defoliation, depending on the height of the alfalfa and the 
accumulation of degree days.
Scouting pattern and frequency. Each 30-stem sample from a field should be taken in a 
pattern that covers as much of the field as possible because the level of infestation usually 
varies within a field. For example, alfalfa weevil infestations are often more intense on 
southern slopes because these areas tend to be protected during the winter and warm up sooner 
in the spring. Samples taken from field edges are often inaccurate, so sampling in these areas 
should be avoided. If possible, stay at least 50 feet from the edges of the field.
At 30 evenly spaced intervals, carefully pick an entire stem (without dislodging any larvae) and 
place it in a 2- to 3-gallon container. Stems at each location must be selected at random by 
picking the first stem the hand touches. Next, beat the 30 stems vigorously against the inside 
of the container for a few seconds. Transfer the larvae to a shallow pan and count and record 
the number found. Randomly select 10 stems from the original 30 sampled and record their 
average length to the nearest inch. The entire process takes about 20 to 25 minutes for a 15- to 
20-acre field.
Samples should be taken more frequently early in the season than toward the end of the 
season. A  field should be visited at least every seven days during the weevil season. If 
temperatures become warm very early in the spring, a field might have to be sampled as many 
as 11 times or more.
A sample preceded by frost or intense rains can result in underestimation of population 
density. Numerous larvae may be found on the ground in the aftermath of these weather 
conditions. Although some larvae will probably fail to crawl back onto the plant, resampling 
the field the next day is strongly recommended.
New sampling information. Many states have adopted the University of Illinois Alfalfa Weevil 
Pest Management Program, but recent advances in sampling precision may provide even better 
estimates of alfalfa weevil population density. Researchers in Kentucky have conducted 
extensive sampling studies that should refine the decision-making process. In their initial 
studies, they determined that a systematic sampling scheme was more practical than a random 
sampling scheme, but they also found that the shake-bucket technique (the technique 
recommended in Illinois) underestimates the number of alfalfa weevil larvae actually present 
in a field (Legg et al. 1985). Early instar weevil larvae are concealed within the folded leaves at 
the growing terminal of alfalfa plants, so vigorous shaking does not dislodge them. They also 
concluded that a single 30-stem sample was a poor estimate of weevil population density, but 
the number of management decision errors could be reduced if repeated 30-stem samples were
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taken (Barney and Legg 1987). However, the time required to take as many as ten 30-stem 
samples would probably outweigh the benefits derived from a reduced percentage of 
management decision errors.
These same researchers developed a fixed-error sequential sampling plan using 6-stem samples 
taken from each of five randomly selected 100 m2 areas in the field (Barney and Legg 1988).
[In sequential sampling, a variable number of sites are sampled based on pest density. Fewer 
sites are sampled when the pest density is either high or low, with more sites visited when the 
density is moderate.] Barney and Legg also demonstrated that the complexity of the sampling 
plan and associated decision rules could be simplified and made more practical by use of a 
field portable, hand-held computer (Legg and Barney 1988). The most recent development has 
been the calculation of conversion factors to convert numbers of alfalfa weevils sampled by the 
shake-bucket technique to absolute density counts (Barney and Legg 1989). The conversion 
factors are different for each of the second, third, and fourth instars, but the conversions 
provide a more precise estimate of the total number of larvae per 6-stem sample.
Incorporation of these new findings into the already established University of Illinois Alfalfa 
Weevil Pest Management Program should result in improved decision-making capabilities for 
alfalfa producers in Illinois.
New Threshold for Alfalfa Weevils Feeding on the Regrowth
Entomologists at Iowa State University (Buntin and Pedigo 1986) have developed a threshold 
for the duration of stubble defoliation that might be caused by alfalfa weevils or variegated 
cutworms. These species feed on crown and lateral buds after an alfalfa crop has been cut, and 
the injury can significantly delay regrowth and subsequently reduce yield and delay plant 
maturity. Buntin and Pedigo determined that, depending on commodity price and harvest 
system, alfalfa can withstand complete stubble defoliation for 2.6 to 5.7 days before control of 
defoliators, including alfalfa weevils, would be justified.
Management Alternatives
Insecticides. Insecticides have been the most widely used tool for control of alfalfa weevils. 
However, the use of proper scouting techniques, knowledge of available economic thresholds, 
and timing of insecticide applications, if necessary, are extremely critical. The size of the 
weevil population and the time of its occurrence in relation to crop height is particularly 
important for determining the amount of crop loss that might occur. Taller, more vigorously 
growing alfalfa is more capable of compensating for alfalfa weevil damage than is shorter 
alfalfa. In addition, insecticide applications are not recommended until alfalfa weevil 
populations reach an economic threshold. Research has shown that small populations below 
the economic threshold may actually increase alfalfa yields because small numbers of weevil 
larvae apparently stimulate the plants to produce more growth (Wilson 1984). Furthermore, 
low-level infestations of alfalfa weevils provide a reservoir for survival of parasites and 
disease pathogens.
Timing of harvest and conservation of blocontrol agents. Two other pest management tools 
can be employed to control alfalfa weevil populations. Manipulation of the timing of the first 
harvest in the spring may achieve the same effect as an application of an insecticide because 
larvae and eggs often do not survive the cutting. The other method involves conservation of 
biological control agents such as parasites, predators, and pathogens. One of the most 
successful biocontrol agents has been a small parasitic wasp, Bathyplectes curculionis. This 
wasp lays its eggs inside young weevil larvae. The wasp larvae develop inside the weevil 
larvae, and when they have satisfied their needs, they kill their hosts. A closely related 
species, B. anurus. has now replaced B. curculionis as the most predominant parasite of alfalfa 
weevils. Other parasites of alfalfa weevil larvae include B. stenostigma and Tetrastichus 
insertus. Patasson luna parasitizes the egg stage, and Microctonus colesi and M. aethiopoides 
parasitize the adult stage (Dysart and Day 1976).
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In many regions the fungal pathogen, Erynia phytonomt, first reported in North America in 
1973 (Harcourt et al. 1974), has been very successful in reducing alfalfa weevil larval 
populations, particularly late in the season. Unfortunately, the impact that this pathogen has 
on populations of alfalfa weevils has been inconsistent among different research efforts. 
Several researchers have alluded to the pathogen's importance in suppressing alfalfa weevil 
populations. However, Brandenburg (1985) determined that the fungus did not prevent alfalfa 
weevil populations from attaining peak numbers and, therefore, provided little protection from 
crop damage. As with many other pest insects and their associated predators, parasites, and 
diseases, economic levels of alfalfa weevils often occur before biocontrol agents can suppress 
the weevil population.
Application of insecticides in the fall. A unique method of applying insecticides in the fall to 
kill the alfalfa weevil adults returning from aestivation quarters to alfalfa fields was 
investigated by Roberts et al. (1987) in Illinois. They determined that a band around the 
perimeter of an alfalfa field could be treated with an insecticide, thereby controlling the adults 
and preventing significant egg laying. They developed a model that indicated that the band 
treated in the fall must be no more than 44% of the total field area. Four of the 14 fields for 
which reliable data were available required an insecticide treatment the following spring, 
suggesting that about 30% of fall treatments could fail. However, the fall perimeter-spray 
technique may have advantages over other alfalfa weevil control methods because of lower 
costs, fewer personnel and equipment hours required, and lower environmental impacts.
Host plant resistance. Plant breeders and entomologists have not found a high level of 
resistance in alfalfa to alfalfa weevils, but varieties with low levels of resistance have been 
developed (Sorensen et al. 1988). Resistance of these cultivars is attributed primarily to 
tolerance, expressed in heavy terminal and axillary branching.
POTATO LEAFHOPPER MANAGEMENT
Field Scouting and Decision Making
Field scouting. The key to effective management of potato leafhoppers in alfalfa is early 
detection of damaging levels before the injury symptoms appear. The only way this can be 
accomplished is with early and frequent sampling with a 15-inch-diameter sweepnet.
Sampling for and counting both adults and nymphs are recommended. Although sweepnet 
sampling provides low-density estimates with poor precision for potato leafhopper nymphs, 
nymph counts are useful as evidence that within-field reproduction has begun. Counts of 
nymphs are also an indicator of potential damage in a field. Wilson (1982) provided a good 
pictorial representation of the midwest pendulum sweeping method that is currently 
recommended in alfalfa-producing states. He suggested taking five 50-sweep samples if the 
alfalfa is less than four inches tall, or five 20-sweep samples if the alfalfa exceeds four inches 
in height. He also recommended collecting five stem samples of 6 to 10 stems each to determine 
the average height of the alfalfa.
"Action" thresholds. Entomologists have studied the effects of various densities of potato 
leafhopper nymphs and adults on alfalfa yield and quality, both in the laboratory and field.
All have arrived at the conclusion that relatively small numbers of potato leafhoppers present 
after harvest can cause significant reductions in alfalfa yield and quality and that more 
mature plants can tolerate larger numbers of leafhoppers. This knowledge has led to the use of 
economic thresholds that change as alfalfa grows taller. However, these thresholds are static 
and do not incorporate changing economic situations. As a consequence, the term "action 
threshold" is probably more appropriate.
Entomologists in most of the midwestem and eastern states currently suggest the static "action 
thresholds" listed by Wilson (1982):
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Stem height Average number of leafhoppers
in inches_________________________per sweep of a net____________
Under 3 0.2
6 0.5
8 -  10 1.0
12 - 14 2.0
These thresholds serve as reasonable guidelines for making leafhopper management decisions 
when no other information is available. However, they do not change with fluctuating crop 
prices, cost of control, weather conditions, and crop conditions. Current efforts are underway 
in several states to develop potato leafhopper management programs by using systems analyses 
that incorporate the population dynamics of the leafhopper, the growth dynamics of alfalfa, 
and economic analyses of various management actions.
New sampling information. Shields and Specker (1989) recently developed a sequential 
sampling plan for alfalfa fields in New York. Although the management decisions made from 
their sequential sampling plan agreed with those made from a fixed-site sampling plan 95.9% 
of the time, the sequential sampling plan reduced the average number of sites visited by 67.7%. 
The researchers were able to make leafhopper management decisions after sampling an 
average of 3.2 sites per field (with a 3-site minimum imposed). They were unable to make 
management decisions only 3.8% of the time. Their sequential sampling plan was validated 
on a data set derived from sample data from 226 fields.
Management Alternatives
Tactics that have been employed to manage the potato leafhopper in alfalfa include insecticide 
treatment after the arrival of adult immigrants into the field, insecticide treatment of alfalfa 
stubble immediately after the second and third harvests, early cutting of the alfalfa, and 
various combining of these tactics. Another management consideration, discovered rather 
recently, is the combination of alfalfa with forage grasses to reduce the level of leafhopper 
damage.
Insecticides. Onstad et al. (1984) found that as stem height increases, the management tactic 
selected by a grower should change from treating the leafhoppers after they immigrate into the 
field to treating the leafhoppers after harvest. In their experiments, when alfalfa was 
relatively short, an insecticide treatment applied after leafhoppers immigrated into the field 
was preferable to a postharvest treatment when potato leafhopper densities were low.
Insecticide treatment decisions should be predominantly influenced by the counts of adult 
potato leafhoppers at relatively low densities. Damage to early regrowth of alfalfa after a 
cutting is usually caused by adults, so sampling during the regrowth phase is veiy critical.
Effect of harvest on leafhoppers. Simonet and Pienkowski (1979) showed that the number of 
potato leafhopper eggs and nymphs that survive harvest is very low. Within 7 to 10 days after 
harvest, the nymphal population in their experiments had been reduced by about 95% when 
alfalfa was cut to within two inches or less in height. They found that with poor harvest 
practices or when alfalfa plants were lodged, survival of nymphs was much higher and 
immigrating adults were better able to locate suitable tissue for feeding and opposition.
Mixture of forage grasses with alfalfa. Researchers at Illinois Natural History Survey have 
found that the presence of grass in an alfalfa field may reduce the impact of potato leafhoppers 
on the alfalfa plants. Lamp et al. (1984) determined that grass weeds are unsuitable hosts for 
potato leafhoppers, and Smith (1987) reported that grass weeds are repellent to potato 
leafhoppers and cause an increase in their activity and restlessness. The level of damage to an 
alfalfa:grass mixture at a 1:1 ratio was reduced when compared with the level of damage in a
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pure alfalfa stand. These researchers also found a reduction in the number of developing eggs 
in females exposed only to an alfalfa:grass mixture.
Employing selective spring weed control in spring-planted alfalfa, Lamp et al. (1984) found no 
significant differences in yields between weedy and weed-free alfalfa. Oloumi-Sadeghi et al. 
(1988, 1989) carried this research further and found that plots in which herbicides were used to 
control summer annual weeds had significantly more potato leafhopper adults and nymphs 
than plots with an abundance of grass weeds. They concluded that control of potato 
leafhoppers seems to be more important than weed control with respect to alfalfa forage yield 
and quality. Barney and Pass (1987) found that alfalfa planted under no-tillage conditions had 
fewer potato leafhoppers than alfalfa planted conventionally and postulated that this might 
have been due to the presence of grass weeds in the no-till plots. Colonization was 10 times 
greater in conventionally tilled plots than in no-tillage plots.
These research findings suggest the possibility that mixed stands of pasture grass and alfalfa 
might be used as a means of reducing the losses in yield and quality caused by potato 
leafhoppers. However, the nutritional and economic values of different forage grasses mixed 
with alfalfa in various ratios must be considered before this management tool can be 
implemented.
Host plant resistance. Plant breeders and entomologists have not been veiy successful in 
developing alfalfa varieties that exhibit significant resistance to potato leafhoppers. However, 
whenever differences in potato leafhopper damage appear among cultivars, strains, individual 
plants, or clones, the mechanism seems to be related to physical or chemical characteristics, 
particularly as they influence feeding or oviposition (Sorensen et al. 1988). For example, the 
presence of pubescence, especially dense hairs, interferes with feeding and oviposition, so 
yellowing caused by potato leafhopper injury is usually less noticeable in cultivars with dense 
pubescence. In work with Medicago spp. clones, Brewer et al. (1986) determined that glandular 
hairs (plants exude a sticky substance), stems with small cross-sectional areas, and highly 
lignified tissues are associated with potato leafhopper resistance. These recent findings and the 
new methods of culturing and selecting clones of different species and cultivars should help 
advance plant selection to a level where potato leafhopper resistance might play a major role 
in alfalfa management programs.
SUMMARY
Economic thresholds for most insects in most crops have been based on yield losses, but 
numerous studies of potato leafhoppers in alfalfa indicate that loss of nutritional quality and 
reduction in carbohydrate reserves in the taproot should be strongly considered during the 
development of "economic thresholds." As these thresholds are refined, alfalfa producers must 
be educated about the importance of managing potato leafhoppers. The systems analysis 
approach for managing potato leafhoppers in alfalfa and the new developments in sampling 
techniques promise an exciting future for making correct management decisions. Systems 
analysis will incorporate leafhopper population dynamics, alfalfa growth dynamics, and 
economic analyses to help arrive at appropriate decisions.
Onstad et al. (1984) proposed the following suggestions for managing potato leafhoppers in 
established alfalfa:
*A cutting schedule that optimizes high-quality yields and adequate carbohydrate
reserves;
‘ Cutting the alfalfa to leave short, clean stubble;
‘Making management decisions as soon as possible after leafhoppers have immigrated
into an alfalfa field;
‘ Sampling for potato leafhoppers frequently, especially after a cutting has been made;
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“Consideration of losses in both crude protein and carbohydrate reserve level;
“Consideration of the influence weather may have on the amount of damage inflicted by 
leafhoppers.
Currently, alfalfa producers must rely on average numbers of potato leafhoppers per sweep and 
alfalfa height and condition in order to make reasonable pest management decisions.
However, the systems approach toward leafhopper management will lead to more dynamic 
thresholds that incorporate more information. Eventually expert systems will be developed 
that will allow alfalfa producers to make economically and environmentally sound leafhopper 
management decisions.
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